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Normal mouse serum is known to exhibit inhibitory ef¬
fects on various cell types. It has been shown that the
administration of normal mouse serum to embryonic chick
skeletal muscle cell cultures causes the accumulation of
large amounts of Oil Red 0-positive lipid droplets, as
well as the inhibition of normal differentiative proces¬
ses, e.g., cell fusion and spontaneous contractions. Pro¬
tein synthesis remained linear, but somewhat reduced over
a 5-h labelling period with [3H]-leucine following 24 h
of iji vitro culture. However, following repeated treat¬
ments over several days, the cells showed a significant
decrease in protein synthesis when compared to differen¬
tiated controls. DNA synthesis by the serum-treated cells
was significantly reduced by 24 h, prior to the removal of
fused myoblasts from the proliferating pool, as seen in
control cultures. In addition, there was a significant in¬
crease in the content of neutral lipids of treated cells.
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Studies employing the use of transmission and scan¬
ning electron microscopy and light microscopy, further
show the extent of cellular alterations, including the
aggregation of large numbers of nuclei irregularly dis¬
tributed within the cytoplasm of treated myotubes, round¬
ed and fibroblast-like cells with partially or totally
occluded nuclei and an overall reduction in cell number
following treatment. Due to the inhibition of the cell's
normal ability to initiate spontaneous contractions,
immunofluorescence studies, employing antibodies directed
against myosin heavy chains and phalloidin which is
specific for polymerized actin, were utilized to demon¬
strate the effects of mouse serum treatment on muscle-
specific proteins. Fusion-inhibited cells showed dimin¬
ished localization of antibodies of actin and myosin while
fused myofibers exhibited an irregular banding pattern
not characteristic of non-treated cultures. These obser¬
vations indicate that the absence or disorganization of
muscle-specific proteins in treated cells may be respon¬
sible for the lack of terminal differentiation.
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The development of improved culture conditions over
the years has made it possible to successfully observe
the differentiation of many cell types derived from
normal tissues, as well as those derived from malignant
tumors. Among the cell types that exhibit differentiated
properties in culture are skeletal muscle fibers. Under
suitable culture conditions, embryonic mononucleated
myoblasts undergo a period of division, followed by the
recognition and alignment of these cells to sustain
spontaneous fusion and ultimately to form multinucleated
myotubes (Yaffe, 1969). The fusion of these cells marks
the terminal differentiation of the muscle fibers. As
the fibers mature, the synthesis and interactions of the
major muscle proteins actin and myosin, coupled with
other specific components, bring about spontaneous
contractions.
In an effort to provide cultured cells with an
environment that allowed their propagation and
maintenance of specialized properties, media, including a
basal nutrient mixture of salts, sugars, amino acids and
vitamins, were developed (Shooter and Gey, 1952, Eagle,
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1955, Ham, 1965, Waymouth, 1972 and Takaoka and Katsuta,
1975). But beyond these basic requirements, supplements
found in poorly defined biological fluids or extracts
were necessary to aid in cell proliferation. These
included embryo extract, spinal or amniotic fluid, lymph,
milk or colostrum and plasma or serum from various
sources (Harrison, 1907, Carrel, 1913, Temin et al.,
1972, Sato, 1975, Brooks 1975 and Klagsbrun, 1979). The
most commonly used supplement is serum. Serum contains
many components that are needed to aid in the growth of
various types of cells. It can promote cellular growth
in many different ways, including serving as a source of
essential growth factors, hormones, mitogens and chalones
[factors that exert a self-inhibitory effect by slowing
down the rate of production of differentiated cells
according to need] (Ham, 1981).
While serum supplements, as well as other
"undefined” additives provide cell cultures with
necessary growth requirements, the increasingly popular
environment of choice for cells is a defined medium. The
growth of cells in a defined medium means the
multiplication of these cells in the absence of serum
proteins to other grossly undefined additives, in
addition to undefined traces of essential inorganic
contaminants (Ham, 1981). Growth that is dependent on
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undefined supplements is likely to be suboptimum,
containing substances that are stimulatory, as well as
inhibitory. The variability of undefined supplements is
also a problem. Serum varies from lot to lot, both in
its composition (Honn et al., 1975) and in its
ability to support cellular growth (Boone et al., 1972
and Milo et al., 1976). Many investigators have
therefore, described the maintenance of a variety of cell
types in a serum-free medium. Barnes and Sato (1980)
found that insulin proved to be stimulatory in serum-free
medium for the growth of virtually every cell type
examined. Because the concentration for good growth was
higher than could be considered physiologically relevant,
these investigators suggested that insulin might be
mimicking the activity of a related peptide. A
chemically defined medium allowed substantial
proliferation and subsequent differentiation in primary
cultures of embryonic chick muscle cells (Dollenmeir et
al., 1981). Supplements to the medium including
fibronectin, fibroblast growth factor, transferrin and
insulin, sufficiently replaced serum and enhanced DNA and
protein synthesis. Transfer of cells from a medium
containing serum to one that was serum-free resulted in a
stimulation of thymidine incorporation proposed to be due
to the removal of inhibitory molecules coexisting in
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serum with stimulatory factors (Lage et al,, 1983).
Pennypacker (1983) suggested that given the proper
conditions for substrate attachment, it appeared that
chondrogenesis proceeded normally under serum-free
conditions, and did not require factors necessary for
the growth and normal behavior of differentiated
chondrocytes in culture. In addition, undifferentiated
rat L6 myoblasts may be induced to fuse and synthesize
muscle - specific proteins in the absence of
DNA synthesis in serum-free medium (Pinset and Whalen,
1985) .
As previously mentioned, the addition of serum to
culture medium has been shown to enhance the growth of
cells. But in addition to many growth stimulators,
sera also possess growth inhibitors. Sera vary greatly
in their ability to promote the differentiation of
various cell types. One serum may be good for one tissue
and poor for another. Earlier studies found various
types of normal sera to be lethal or cytotoxic to ascites
tumor cells. Cytotoxicity was expressed by an alteration
of the cell’s ability to proliferate in a susceptible
host and Interference with anti-tumor cell heterologous
antibody action (Landy et al., 1960 and Ginsburg et al.,
1961). De Luca et al. (1966) found that lipid extracts
of bovine plasma and serum were cytotoxic to mammalian
5
cultured cells. Horse serum, which is essential for
muscle differentiation, is in most cases toxic or allows
only poor growth of cartilage and pigmented retina cells.
Various lots of fetal calf sera also differ significantly
in their ability to allow expression of the cartilage or
pigmented retina epiphenotype [the differentiated
properties actually expressed by a cell] (Cahn, 1968).
There are also several reports demonstrating the growth
inhibitory effects of normal serum on cells by modifying
their rates of proliferation. Harrington and Godman
(1980) found a selective and reversible inhibitor in calf
serum that inhibits the proliferation of normal rat cell
lines, as well as as rat hepatoma cell lines. In a high
serum concentration, fetal calf serum could also
partially inhibit the proliferation of chick neuroblasts
in culture, affecting the uptake of labelled thymidine
(Barakat et al., 1984). Rat and human sera were shown
to possess a low molecular weight factor which inhibited
the Gl-S transition in synchronized rat hepatocytes
(Nadal et al., 1981 and Auger et al., 1983). Reports of
the inhibitory activities in normal human serum directed
against malignant cells have appeared frequently in the
literature. Following varying exposures of human serum
to malignant cells, the resulting effects were cell lysis
(Fedoroff and Doerr, 1962), loss of cell viability (Bias
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et al., 1973) and an inhibition of cell proliferation
(Pigott et al., 1982). An inhibitor in rat serum was
reported to modulate the growth rate of rat septal
cartilage cultures (Kvinnsland and Kvinnsland, 1984), as
well as exerting a differential effect on the growth of
nonmalignant rat liver cells versus Rous sarcoma virus-
transformed rat liver cells (Miyazaki et al., 1985).
Among the variety of species whose sera elicit
inhibitory responses from cells in culture is the mouse.
Normal mouse serum has been known to contain
negative modulators which effect various
differentiative functions. An immunosuppressive factor
in the serum of unimmunized mice was reported to suppress
the immune response of mouse spleen cell cultures to
sheep erythrocytes. the concentration of this serum
inhibitor increased following the immunization of mice
with erythrocyte antigens (Veit and Michael, 1973). This
immunosuppressive factor was also shown to inhibit the
proliferation of T and B cells in response to mitogens,
as well as DNA and RNA synthesis in unstimulated cultures
(Nelson and Schneider, 1974), spontaneous immunoglobulin
synthesis (Bullock and Moeller, 1972), cell clustering
and viability and recovery in adherent spleen cell
cultures (Martineau and Johnson, 1978). An inhibitory
mouse serum factor was characterized in various strains
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of mice which affected iji vitro tumor cell lines
(Gundersen et al., 1981 and Gundersen et al., 1983).
Parker et al. (1981a) reported that after the addition of
normal mouse serum to Friend erythroleukemic cells, the
ability of the cells to differentiate during
dimethylsulfoxide stimulation was blocked. In addition,
these investigators demonstrated an inhibition of chick
limb bud mesoderm cells to produce stainable cartilage
matrix (Parker et al., 1980a), as well as an inability of
these cells to generate cAMP in response to parathyroid
hormone following mouse serum administration (Parker et
al., 1981b).
Among the currently recognized variable effects of
mouse serum on cells in culture is a lipogenic response
following treatment. In addition to the inhibition of
chondrogenic potential seen in chick limb bud
cells following mouse serum administration, a significant
increase in triglyceride synthesis was observed (Parker
et al., 1980a). This increase in accumulated neutral
lipids was thought to play a role in modulating the
expression of the chondrogenic phenotype. Subsequently,
Parker et al. (1980b) demonstrated that as a result of
mouse serum treatment, the incorporation of arachidonic
acid into various membrane phospholipids was
significantly lowered in chick chondroblasts. It was
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then postulated that membrane fluidity, a key function in
the regulation and differentiation of cells, may be
decreased. Maeda et al. (1980) also reported a lipogenic
effect on twelve cell lines, including HeLa, 3T3-FL and
Friend cells, following mouse serum treatment, as well as
suggesting that these cells were being induced to
differentiate into adipocytes. Although the conversion
of nonlipid producing cells to adipocytes following fetal
calf serum treatment is known (Kuri-Harcuch and Green,
1978, Kuri-Harcuch and Green, 1981 and Nixon and Green,
1984), Maeda et al. (1980) presented no definitive data
on the transformation of their cell lines to adipocytes
after mouse serum administration.
Based on the reported effects on membrane changes in
chondroblasts (Parker et al., 1980a), the present study
was undertaken to assess the effects of mouse serum on
muscle cell differentiation, in light of the fact that
fusion of myoblasts is essential for terminal
differentiation of skeletal muscle cells. The following
experimental proposal was designed to address this
problem:
1. To observe the effects on growth and dif¬
ferentiation of embryonic chick skeletal
muscle cells after mouse serum treatment.
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2. To determine the nature of the
accumulating lipid in the cytoplasm of
these cells.
3. To determine whether lipid accumulation in
mouse serum-treated myoblasts correlates
with the possible transformation of these
cells into adipocytes.
4. To examine possible changes in the rate
of incorporation of labelled leucine and
thymidine into newly synthesized protein
and DNA, respectively, in treated versus
non-treated cells.
5. To examine the alignment and quantitate
the amount of muscle-specific proteins
(i.e., actin and myosin) present in
control versus treated cells over a period
of time.
6. To assess the effects of mouse serum
treatment on differentiated cells versus
undifferentiated precursor cells.
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7. To attempt to Isolate and characterize
the factor(s) responsible for the
inhibition of differentiation of chick
skeletal muscle cells.
The study of mouse serum’s inhibitory effects on the
differentiation of cultured cells may be a useful
experimental tool. Examination of the serum's
developmental inhibitor using established cell lines
versus undifferentiated embryonic cells could lead to a
clearer understanding of cell determination versus
differentiation and the modulation of phenotypic
expression. Initially, it would be beneficial to define
the terms determination, differentiation and modulation.
Waddington described a model of determination which he
called the "epigenetic landscape" (Ede, 1978). It
consists of a ball which represents the cell's
cytoplasmic state. The ball is placed at the top of the
landscape, where it will make its way through a number of
diverging pathways, running downhill through a series of
valleys. These valleys terminate in an isolated location
which represents a particular differentiated state. This
ball has the potentiality of ending up at any of the
terminal locations but, as it rolls down and is deflected
into one pathway or another, its potential becomes more
and more restricted. Ultimately, it enters a final
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pathway leading to a unique differentiated state. The
cell is at that moment determined. Which pathway is
taken depends upon cues supplied by the cell’s
microenvironment. Alberts et al. (1983) explained further
that the changes made by the cell in determination must
be heritable from one generation to another. The change
must be of internal character, not merely a change of
environment. The change must be self-perpetuating; cell
memory is essential. A cell is not determined if it
loses its distinctive character whenever the external
Influences that gave rise to the distinction disappear.
Differentiation involves striking changes in cell
shape, the appearance of new subcellular organelles or
rearrangement of old ones, synthesis of specific
products in the cytoplasm and, in some cases, their
release through the cell membrane (Ede, 1978). The term
differentiation is generally reserved for overt cell
differentiation. It is a specialization of cell
character that is grossly apparent (Alberts, 1983).
Differentiated cells often remember their character even
in isolation. The behavior of cells is not completely
independent of their environment, and changes in culture
media may support proliferation, but cause a modulation
in the expression of their differentiative character
(Cahn and Cahn, 1966). They remain determined and when
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returned to a more favorable medium, they return to
their normal developmental pattern. Manipulation of the
medium should not cause the cells to differentiate into
another cell type. In certain situations, e.g., changes
in the culture medium, some apparently differentiated
cells may undergo a change in character, which Weiss in
1939 termed modulation (Ede, 1978). These changes are
said to be reversible interconversions between closely
related cell phenotypes. The change is not into a
different cell type, but merely to a different form of
the same type.
Keeping in mind the influence of culture medium on
cell growth and development, the application of mouse
serum as a research tool could be useful in further
defining determination versus differentiation. Is it
possible to alter the developmental fate of a determined
cell following mouse serum administration? Would this
alteration indeed be a modulation or an irreversible
stable change in the cell's character, e.g., morphology
and macromolecular programming? Would embryonic
precursor cells be modulated in their expression of
differentiative character or converted into other cell
types? These and other questions were addressed during




A. Embryonic Origin and Organization of Limb
Musculature
Following a period of cell division, without
noticeable changes in shape or volume of the egg, a
complex mechanism called gastrulation occurs involving
the formation of the three primary germ layers, ectoderm,
mesoderm and endoderm, first described by Oppenheimer
(1940). During gastrulation the cells generally move,
sometimes extensively with respect to each other. This
movement mainly concerns sheets of cells, although in
certain species mesodermal cells can move individually
(Le Douarin, 1984). The precursors of muscle fibers
reside in the mesodermal sheet, which is interposed
between the ectoderm and endoderm, and is separated into
bilateral masses as the neural tube and notochord take
form. The mesoderm on each side of the notochord
thickens to produce a longitudinal band of paraxial
mesoderm (epimere), leading to a narrow zone of
intermediate mesoderm (mesomere), which in turn leads
peripherally into lateral plate mesoderm (hypomere).
With time the paraxial mesoderm becomes segmented to form
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paired cuboidal masses called somites. The lateral plate
remains unsegmented, but splits into two sheets, an outer
somatic mesoderm and an inner splanchnic mesoderm. It is
to the paraxial (somitic) mesoderm and lateral plate
mesoderm that the skeletal muscles have been proposed to
trace their origin (Torrey and Feduccia, 1979).
To be more precise, the somites in their entirety
are not involved in the formation of skeletal muscles.
During embryogenesis, the somites become extended
dorsoventrally and flattened mediolaterally until a
narrow central cavity lies between their outer and inner
walls. The outer wall, termed the dermatome, contributes
to the formation of the dermis. Most of the inner wall
or sclerotome is resolved into a loose mesenchyme from
which the vertebrae are derived. The remaining portion
of the inner wall, called the myotome, is concerned with
muscle formation. Skeletal muscles are therefore,
products of the myotomes and the lateral plate mesoderm
(Torrey and Feduccia, 1979).
Studies concerning the relationship between the
somites and the limb musculature have been well
established. Experimental findings of Christ et al.
(1977) using quail-to-chick grafting procedures led to
the conclusion that myogenic cells migrate from the
somites into the somatic plate mesoderm of the
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prospective wing bud area. Within the wing bud mesoderm,
these still undifferentiated cells proliferate and later
differentiate into myoblasts. The investigators added
that their findings seemed to be transferable to the
development of the hind limb (Jacob et al., 1979). Also
using quail-to-chick grafts, Chevallier et al. (1977 and
1978) seemed to concur with the theories of Christ.
They concluded that the origin of the limb muscle fibers
may be derived from the myotomes, as well as the
somatopleure. Migrating cells originating from the
grafted unsegmented or segmented somitic mesoderm
adjacent to the wing or leg field end up in the
musculature of the respective wing or leg, where they
expressed exclusive myogenic properties. Therefore,
morphogenesis of the limb musculature seems to depend
upon at least two properties of mesodermal cells. First,
the ability of somitic myogenic cells to undergo an
extensive migration from paraxial to lateral
appendicular regions and second, the capacity of
somatopleural cells to attract, guide and spatially
organize the myoblasts (Mauger and Kieny, 1980),
The primordial limb bud represents a localized
extension of the somatopleure, whose ectodermal component
provides the epidermis and whose mesodermal component
provides the dermis, musculature and skeleton (Torrey and
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Feduccia, 1979). Even before limb outgrowth begins,
premyogenic cells of somitic origin have invaded the area
of the presumptive limb (Christ et al., 1982), At the
first sign of limb development, the somatopleure becomes
thickened where the limb bud will appear. Mesenchymal
cells are then released from this epithelium to migrate
laterally and accumulate beneath the overlying epidermis.
Together the mesodermal and ectodermal components form
the rudiment of the limb bud. Further outgrowth of the
limb involves complex reciprocal interactions between
limb mesoderm and a defined region of the limb ectoderm
known as the apical ectodermal ridge (AER) , whose
formation is induced by the limb-forming mesoderm
(Saunders and Gasseling, 1968). Gumpel-Pinot et al.
(1984) found that at stage 18, when the wing bud is
established as a distinct swelling with an AER, myogenic
cells from the somatopleural presumptive limb region
become distributed through the limb mesoderm. In the
course of further development, these cells become
arranged as differentiating myoblasts of the definitive
muscle pattern of the limb. These investigators also
stated that in the absence of the AER, together with a
minimal amount of dorsal and ventral ectoderm and
underlying mesenchyme, migration of implanted myogenic
cells does not occur.
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B, The Appearance of Skeletal MYOgenlc Lineages
It was mentioned in the previous section that the
stem cells responsible for myogenic development during
embryogenesis are derived from the embryonic mesoderm,
which is also the source of fibroblast and chondroblast
cell types. Cells capable of forming myogenic clones
when cultured from developing limb buds grown Iji vitro
first appear within 72 h after fertilization (Dlenstman
et al., 1974). Embryonic chick leg-bud mesodermal tissue
explanted as early as stage 17-18 already contains
subpopulations of presumptive myoblasts, as well as
presumptive chondroblasts. Holtzer et al. (1975 and
1983) proposed a model of mesenchymal myogenic stem cells
which differentiated into presumptive myoblasts and were
then capable of following one of two fates - they
proliferated to form more presumptive myoblasts or they
underwent a final *'quantal mitosis.” The postmitotic
myoblasts were committed to myotube formation with no
subsequent cell divisions. Subsequently, Konigsberg et
al. (1978) described a ’’stochastic model” of myogenic
differentiation in contrast to Holtzer’s hypothesis.
Following the developmental fates of daughter cells after
mitosis in cultures of embryonic quail muscle, the
Investigators showed that during the G1 phase of the cell
cycle those cells formed were observed to behave
18
independently with respect to subsequent fusion or
mitotic events. Their data further demonstrated that
myoblasts retain the ability to either proliferate or to
fuse following mitosis, and all cells in a population of
myoblasts have the same chance of choosing either of
these two pathways.
Whether one or more lineages of myogenic cells is
committed to produce daughter cells restricted to
differentiate into specific muscle fibers is not known.
Stockdale (1982) proposed two hypotheses consistent with
the diversity of cell types found in muscle. The first
involves a single lineage of myoblasts emerging during
embryonic development. The variation in fiber types
found in the adult are suggested to arise by extrinsic
modulation of this single cell lineage once the cells
overtly differentiate into muscle fibers. The second
hypothesis states that diversity of muscle fiber types is
based on commitment of myoblasts during early
development to diverse types of terminal differentiation.
Biochemical evidence supporting the existence of two
types of myoblasts was described by Fiszman et al.
(1983). The first type called the early embryo myoblast,
is predominant in the limb bud from day 5 to 7. The
second type or late embryo myoblast starts to accumulate
after day 7 and is the major population of muscle cells
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in the developing muscles. These two classes can be
distinguished according to the type of light chain myosin
which is synthesized by the differentiating cells.
Quinn and Nameroff (1983) sought to establish
whether conditioned medium (CM) could induce myogenic
cells to differentiate in a probablistic manner, rather
than according to a deterministic pattern when cultured
in fresh medium (FM) and whether culture in CM could
affect the decision of an individual cell type in the
lineage to divide or differentiate. After comparing the
effects of FM and CM on myogenic clones using
immunocytochemical markers (anti-myosin heavy chain
and/or anti-M-creatine kinase), they found that clone
sizes and phenotypes observed in CM and FM were
indicative of a deterministic lineage, not a stochastic
model and CM does not induce the progeny of individual
cell types to differentiate into fewer cell types than in
FM. CM acts by suppressing proliferation within the
heterogeneous, preprogrammed myogenic precursor
population. Other studies employing the use of
monoclonal antibodies isolated for their ability to
preferentially detach myogenic cells from extracellular
matrices described the separation of precursor myogenic
and chondrogenic cells in early limb bud mesenchyme
(Sasse et al., 1984). Cells that were sensitive to the
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antibody (denoted CSAT-sensitive) expressed properties of
replicating precursors and terminally differentiated
cells in the myogenic lineage. The position in the
myogenic lineage of these CSAT-sensitive cells from
stages 20-22 were found to be presumptive myoblasts,
while stage 23-25 cells contained an Increasing fraction
of postmitotic myoblasts. These findings suggested that
the phenotypic expression of precursor limb bud cells are
a function of their position in their respective lineages
rather than the consequence of inductive interactions
resulting from their position in the limb bud.
C. Myoeenesis, DNA Synthesis and the Cell Cycle
Skeletal muscle fibers are the only permanent
multinucleated cells in the vertebrate body. The
formation of muscle fibers can only occur by the
proliferation, interaction and fusion of mononucleated
cells called myoblasts (Fischman, 1972). The activities
of myogenic cells during the period just prior to fusion
are important in bringing fusion-competent cells into
contact and facilitating close proximity of their
membranes. A sequence of prefusion events is essential
for differentiation of the muscle fiber. These events
involve the collision of motile cells followed by the
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recognition, alignment and formation of stable adhesive
contacts (Bischoff, 1978).
Myoblasts are slightly elongated cells with a
central nucleus. The nuclear chromatin is dispersed.
One or more nucleoli are present, composed of a central
zone of fine textured dense material surrounded by dense
granules similar to ribosomes. The abundant of
ribosomes are arranged in clusters and in linear and
curved chains. There are some short, scattered cisternae
of rough endoplasmic reticulum and a small Golgi
apparatus near the nucleus. Mitochondria are small and
oval and have short cristae. Also, plnocytotic vesicles
are associated with the plasma membrane of myoblasts
(Fischman, 1967, Lentz, 1969a and Shlmada, 1971).
Undifferentiated cells may persist beyond the early
stages of development in the form of satellite cells. In
adult muscle, satellite cells are small, flattened and
interposed between the plasma membrane and basal lamina
of the muscle fiber. In growing animals or in the
regeneration of skeletal muscle in adult animals,
satellite cells may undergo mitosis, followed by the
incorporation of one or both of the daughter nuclei into
the adjacent muscle fiber (Moss and Leblond, 1970 and
Reznik, 1969). Proliferating myogenic stem cells may
either divide forming new stem cells or, following a
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critical division, leave the mitotic cycle and become
myoblasts which fuse to form myotubes. Earlier studies
(Konigsberg et al., 1960, Stockdale and Holtzer, 1961,
Okazaki and Holtzer, 1966 O'Neill and Stockdale, 1968 and
Bischoff and Holtzer, 1969) reported on the reduction of
DNA synthesis and DNA polymerase activity during the
development of multinuclearity of muscle cells in
culture. Maturing muscle tissue vivo and iji vitro was
described as containing four classes of cells; (1)
proliferating myogenic stem cells; (2) myoblasts capable
of fusing; (3) myotubes which initiate the synthesis of
contractile proteins and (4) a population of nonmuscle
cells that may contribute extracellular elements, e.g.,
collagen. Presumptive myoblasts which synthesize DNA do
not concurrently synthesize the muscle-specific proteins
and differentiating muscle cells which synthesize these
proteins do not concurrently synthesize DNA.
Autoradiographic analyses of skeletal muscle cells
cultured at varying densities suggested that a muscle
cell can differentiate after any of several divisions,
the particular time differentiation occurs being dictated
by cues from the environment and not by events programmed
in a prior cycle (O’Neill and Stockdale, 1972). This was
supported by Doeing and Fischman (1973) whose study on
chick muscle grown in complete medium demonstrated that
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myogenic cell fusion is independent of DNA synthesis
vitro, but depends upon a modification of the culture
medium to initiate the synthetic program for fusion.
Cytosine arabinoside (ara-C), an effective inhibitor of
DNA synthesis, added between 34 and 40 h of culture did
not delay fusion. The proliferative fraction of the
mononucleated cell compartment of differentiating
embryonic muscle vivo was measured directly by
following the entry into S of the cell population in the
continued presence of an isotopically labelled precursor
of DNA (Buckley and Konigsberg, 1977). Virtually all of
the mononucleated cell population (92%) entered the S
phase of the cell cycle, indicating that the cells
remained in the proliferative pool until withdrawn into
replicative syncytia.
A measurement of the interval between the preceding
mitosis and the incorporation of a daughter cell of that
division into a binucleate or multinucleated cell was
determined (Konigsberg et al., 1977). Myoblasts were
found to spend a minimum of 4 h in G1 before fusing.
After a myoblast has spent in excess of 11 h in Gl, some
change occurs which further increases its probability of
fusing, e.g., the accumulation of some cell surface
component beyond a threshold value reached earlier. By
inhibiting DNA replication by a variety of means, the
24
myogenic cell line L6E9 has the option either to fuse or
to proliferate after every cell division and commit to
differentiate in G1 before fusion (Nadal-Ginard, 1978).
The data from this study are consistent with the
previously mentioned stochastic model of differentiation.
The results also demonstrate that the switch from a
proliferating to differentiating genetic program can
occur in the absence of DNA synthesis. Zalin (1979)
found that prostaglandin (PG) has the ability, at a
precise point in the myoblast's cell cycle, to trigger
preparatory events for fusion. The interaction of PG
with the cell’s surface leads to a transient rise in
intracellular cyclic AMP which in turn activates a pro¬
tein kinase leading to the initiation of fusion. The
expression of myoblast and myocyte antigens in relation
to differentiation and the cell cycle was examined (Lee
et al., 1984). Cell cycle parameters and expression of
myoblast and myocyte antigens were investigated during
exponential growth and during the differentiation phase
of rat L8(E63) myoblasts. The authors described a
lengthening of the cell cycle as myoblasts reached
confluency (due primarily to a prolongation of Gl), a
withdrawal of 20% of the mononucleate myoblasts from the
cell cycle in the Gl phase in differentiating cultures
and a heterogeneity of the non-cycling population with
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respect to the expression of myoblast and muscle-specific
antigens. Control of myogenic differentiation mediated
by position in the G1 phase of the cell cycle has also
been shown to be influenced by fibroblast growth factor
(Lathrop et al., 1985). BC3HI cells, a cloned muscle
cell line, express creatine phosphokinase (M~CPK) when
arrested in the GO portion of the cell cycle. The
addition of brain fibroblast growth factor (B-FGF) caused
quiescent BC3HI cells to exit from GO into G1 and become
restricted at a new point within Gl. The repression of
M-CPK synthesis appeared to be concomitant with the
exit of BC3HI cells from GO. Lathrop et al. (1985)
concluded that the control of cell differentiation may
prove to be relevant in controlling muscle-specific
proteins iji vivo by preventing differentiation during
periods of active cell proliferation and controlling the
expression of gene products characteristic of
differentiated cells in the absence of cell division.
D. Factors Influencing Muscle Cell Fusion
As mentioned earlier, one of the major events during
skeletal muscle differentiation is the fusion of
mononucleated precursor cells into elongated
multinucleated cells. One element shown to play an
important role in the interaction between cell surfaces
is calcium (Ca++). An absolute requirement for Ca++ in
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membrane fusion during fertilization (Schackman et al.,
1978), cellular secretion (Miller and Nelson, 1977),
virus-induced erythrocyte fusion (Volsky and Loyter,
1978) and acetylcholine release in presynaptic nerve
endings (Douglas, 1974) has been demonstrated. Iji vitro
analyses of Ca++ on myogenesis demonstrated that the
fusion reaction depends on Ca++ ions and is inhibited by
Ca++-deficient medium (Shainberg et al., 1969, van der
Bosch et al., 1972 and Schudt et al., 1975). Evidence
that a net Ca++ movement into fusion competent myoblasts
is a requisite step in myoblast membrane fusion was
reported by David et al. (1981). The addition of A23187
(a Ca++ ionophore) to the culture medium of chick
myoblasts stimulated a precocious increase in the rate of
fusion while the additions of EGTA and D600 (a Ca++
channel blocker) blocked myoblast fusion. These
Investigators also noted a measurable increase in the
net Ca++ influx just prior to observable membrane
fusion. Also depletion of extracellular Ca++ by EGTA
halted the fusion process at a stage after cell alignment
was completed, but prior to actual membrane union.
Several papers describe the mediation of myoblast
fusion by membrane bound lectins (Gartner and Podleski,
1975, Den et al., 1975, Nowak et al., 1976 and Kaufman
and Lawless, 1980). Because glycoproteins are thought to
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be important components of cell-cell recognition and
interaction (Nicolson, 1974), it was proposed that
interactions of glycoproteins may be the basis of cell
fusion and other intercellular interactions. These
studies raised the possibility that the agglutinins
observed may be present on the surface of differentiating
muscle cells and may play a role in muscle cell fusion or
the formation of neuromuscular junctions. Conversely,
studies on an endogenous )S-D-galactoside-specific
lectin in embryonic chick skeletal muscle demonstrated
the inhibition of myotube formation vitro (MacBride
and Przybylski, 1980 and Den and Chin, 1981). This
lectin was proposed to have a natural role in muscle
development by maintaining a close apposition of
myoblasts, even though it plays no part in myoblast
adhesion and fusion. In addition, studies describing the
suppression of myoblast fusion by concanavalin A (Con A)
were reported (Sandra et al., 1977). It was suggested
that glycoproteins, as well as other components residing
in the membrane early in the developmental sequence, are
involved in the fusion process. They may become
effective in fusion through spatial redistribution on the
cell surface or minor chemical modifications. Mobility
of the glycoproteins in the membrane was proposed to be
one of the steps in the fusion process that is affected
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by Con A because of the observed importance of cross-
linking in the inhibition of myotube formation. Other
studies demonstrating the importance of glycoproteins in
myoblast fusion are reported using tunicamycin, an
inhibitor of glycosylation (Gilfix and Sanwal, 1980,
Olden et al., 1981, and Cates et al., 1983). Tunicamycin
effectively inhibits the fusion of embryonic muscle cells
in culture. This inhibition can be reversed by the
addition of N-acetylglucosamine to the culture medium
(Cates et al., 1983).
An important event in establishing cytoplasmic
continuity during fusion is the interaction of the lipid
bilayers in membranes of adjacent cells (Bischoff, 1978).
Assuming that molecular interactions depend on the
freedom of movement of membrane lipids, fusion should be
inhibited by conditions that reduce membrane fluidity and
enhanced by conditions that increase fluidity. Several
authors have reported increased membrane fluidity and
overall changes in membrane dynamics associated with
myogenic cell fusion (Prives and Shinitzky, 1977, Herman
and Fernandez, 1978 and Knudsen and Horwitz, 1978).
Following the use of metabolic Inhibitors and lipid
probes, their findings suggested the importance of cell
membrane properties in the regulation of muscle cell
fusion and indicated that the sharp increase in myoblast
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membrane fluidity is a reliable marker for the initiation
of fusion. Overall increases in phospholipid content or
increases in the degree of unsaturation of acyl chains
could be regulated by developmental changes in lipid
composition, thereby affecting fluidisation of the
myoblast membrane and fusion (Prives and Shinitzky,
1977). The influence of fatty acyl compositions on
myoblast fusion were further corroborated by the work of
Horwitz et al. (1979). Chick muscle cultures whose
medium was enriched with elaidate (a trans isomer of
oleate which produces a relatively less fluid membrane)
demonstrated a marked inhibition of fusion. These
modulations were reported to occur after the cells
recognized one another and adhered strongly but before
the membranes united. Thus, fluidity changes may in fact
provide a regulatory contribution to the fusion rate.
Fulton et al. (1981) observed developmental
reorganization of the skeletal framework of muscle cells
as they fused to form multinucleated myotubes. As
myoblasts prepared to fuse, the previously continuous
surface lamina developed numerous lacunae which appeared
to correspond to extensive patches that did bind Con A
and were suggested to be regions of lipid bilayer devoid
of glycoproteins. These structures were thought to be
related to fusion and disappeared rapidly after the
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multinucleated myotube was formed. After fusion, both
the surface lamina and internal networks rapidly
reorganized in a stable arrangement as the muscle cell
began to construct the extensive contractile apparatus.
In addition to cell surface reorganization, remodeling of
the skeletal muscle membrane has been described to
include the presence (Senechal et al., 1984 and Kaufman
and Foster, 1985) and loss (Orkin et al., 1985) of
surface molecules necessary to aid in enhancing myoblast
fusion.
E. The Involvement of the Extracellular Matrix and
Myogenesis
During chick embryogenesls, massive alterations
occur in the migrating cell's substratum or extracellular
matrix. The possibility that certain components of the
matrix play a regulatory role in cell differentiation has
been examined. Adding hyaluronic acid (HA), a
glycosaminoglycan (GAG) component of the early embryo's
extracellular matrix, in large amounts to skeletal muscle
cell cultures delayed the onset of two myogenic
indicators: fusion and creatine kinase (CK) accumulation
(Elson and Ingwall, 1980). The reversibility of the
response indicated that HA inhibition vivo would have
to be overcome for myogenesis to proceed. It was then
postulated that the differentiation of muscle precursor
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cells vivo is regulated by components of the cell’s
microenvironment. Several cell surface or extracellular
matrix glycoproteins have been noted for their dramatic
effects on cell migration, morphology and metabolic
activities. The best characterized of these molecules is
fibronectin, formerly LETS (large extracellular
transformation sensitive) protein. One differentiative
process in which development is accompanied by a loss of
fibronectin is myogenesis. Myoblasts cultured on standard
collagenous surfaces require fibronectin for attachment,
which is necessary for their subsequent fusion into
myotubes (Chiquet, 1979, Yamada et al., 1980 and Ehrisman
et al., 1981). The later addition of purified
fibronectin inhibits the fusion process, which Podleski
et al. (1979) proposed to be by physically Interfering
with membrane events. Cultures in which fusion was
inhibited by fibronectin displayed extensive arrays of
parallel cells. The number of cells in these cultures
was increased 3-fold possibly due to continued cell
division by the nonfusing myoblasts or the action of
fibronectin as a mitogen. Anti-fibronectin treatment or
trypsinizatlon of myoblasts on day 4 (the day cell
surface fibronectin reaches its peak) of culture Chiquet
and Fambrough (1983) examined the cellular origin and
organizing function of fibronectin in muscle
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morphogenesis. Their findings indicated that
fibronectin, probably in concert with other extracellular
matrix components like collagen, may be one of the
molecules through which morphogenetic information is
transferred from nonmuscle cells (i. e., fibroblasts) to
muscle cells. Little fibronectin was synthesized by
myoblasts and myotubes, but sufficient amounts of this
component were found between the developing muscle fibers
to allow their elongation and proper orientation. It was
then suggested that mesenchymal nonrauscle cells present
in the endomysium (the connective tissue surrounding
individual muscle fibers) and in the perimysium (the
connective tissue surrounding bundles of muscle fibers)
could produce the fibronectin-containing matrix between
myotubes and regulate the formation of premuscle masses
into individual muscles.
Monoclonal antibodies were used to examine the
organization of five components of muscle extracellular
matrix, both iji vivo and Iji vitro (Bayne et al., 1984).
Among those examined were heparan sulfate, laminin and
fibronectin. Observations indicated that there was a
correlation with the distribution of individual matrix
components and acetylcholine receptor (AChR) clusters on
the myotube sarcolemma. There was also a close
correspondence between the distribution of AChR and
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elements of the basal lamina, particularly a heparan
sulfate proteoglycan. The organization of proteoglycan
and AChR clusters was believed to suggest that linkages
between these two molecules might contribute to the
organization of AChR in the postsynaptic membrane. A
study was also undertaken by Nusgens et al. (1986) to
characterize the changes which take place in the
biosynthesis of collagens, fibronectin and laminin
during differentiation of a myoblast cell line (L6)
versus modifications occurring in a Myo- non-fusing
mutant of the L6 line (Ama 102). The proportion of
collagen in the biosynthetic products reaches a maximum
as L6 cells reached confluency. This alteration was not
observed in the non-fusing mutant indicating that
synthesis was possibly developmentally regulated. In the
non-fusing cells, collagen synthesis was largely
depressed and degradation of newly synthesized collagen
increased as compared to the fusing L6 cells.
Fibronectin synthesis remained unchanged during
differentiation of either cell type suggesting that the
arrested production of fibronectin was not related to
myogenesis. L6 cells contained faint deposits of laminin
at any stage of culture, but a laminin network was
observed around the Myo- cells only after confluency was
reached. It has been reported that degradation of
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laminin Is required for the fusion of satellite cells
(Gulatl et al., 1983). It was then suggested by Nusgens
et al. (1986) that this degradation may be Involved In
the differentiation of L6 myoblasts. The appearance of
muscle-specific extracellular matrix Is believed to be a
process Involving changes in the organization,
biosynthesis and remodeling of macromolecules of the
matrix.
F. Synthesis and Structure of Muscle-Specific Proteins
Although the majority of myofilament synthesis has
been reported to occur in multinucleated muscle fibers
(Shlmada, 1971), it has also been reported that synthesis
of actin and myosin can begin in mononucleated myoblasts
(Holtzer et al., 1975, Emerson and Beckner, 1975, Moss
and Strohman, 1976, Vertel and Fischman, 1976 and Bayne
and Simpson, 1977). At the time of appearance of
myofilaments, the cytoplasm is reported to contain large
numbers of ribosomal clusters (Florini, 1964 and Heywood
et al., 1967). These polysomes are large and composed of
50-80 ribosomes, which have generally been considered
to be the site of synthesis of actin and myosin [thin
and thick filaments] (Hay, 1962 and Allen and Pepe,
1965). Using vitro cell-free preparations, individual
actin and myosin molecules polymerize into filaments,
which suggested that these individual molecules are
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synthesized on polyribosomes and polymerized in the
cytoplasm to produce filaments (Huxley, 1963). The thin
filaments occur singly or in tangled skeins throughout
the cytoplasm. They may contain bends or curves along
their length and sometimes overlie or lie adjacent to
clusters of ribosomes. The free thick filaments are
straight or only slightly curved. They possess lateral
projections along their length. In the early myofiber,
they do not appear to be randomly distributed and have
been located near or as part of developing fibrils
(Lentz, 1973).
Myosin is one of the principal protein components of
numerous contractile systems and comprises almost 50% of
the total protein in skeletal muscles (Harrington and
Rogers, 1984). It is arranged in the form of thick
filaments and appears to be the major element of energy
transduction and force development of these systems.
Myosin is a relatively large (Mr = 500,000), asymmetric,
hexameric protein containing several structural and
functional domains (Stryer, 1981). Two globular heads
are joined to a long rodlike tall segment. Each molecule
comprises two heavy chains (Mr = 230,000), two essential
light chains (Mr = 16-20,000) and two regulatory light
chains (Mr = 16-20,000). Each head contains a site for
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ATP binding and hydrolysis (ATPase activity), the actin-
binding site and several divalent cation-binding sites.
Investigations on the structure and function of myosin
have involved the study of numerous organisms (Masaki and
Yoshizaki, 1974, Pepe and Dowben, 1977 and Wray, 1979).
The general properties outlined appear to be common to
all myosin molecules. Including the nonmuscle myosins.
Actin is the second of the two major proteins
comprising the contractile system of muscle. In
solutions of low ionic strength, actin is a 42,000-dalton
monomer called G-actin. As ionic strength increases to
physiologic levels, G-actin polymerizes into a fibrous
form called F-actin. F-actin forms a double-stranded
helix of actin monomers (Stryer, 1981). The structure of
F-actin filaments has been studied by various physical
methods (O’Brien et al., 1983). The polymerization of F-
actin is reversible upon lowering the ionic strength.
Approximately 1 mole of G-actin-bound ATP is hydrolyzed
to F-actin-bound ADP for every mole of actin that is
polymerized. ATP is not resynthesized upon
depolymerization, but the G-actin-bound ADP is rapid,ly
displaced by the more tightly bound ATP (Korn, 1985).
Several other proteins are important in the
formation of the contractile apparatus in skeletal
muscle. Tropomyosin is a regulatory protein associated
37
with F-actin in many actomyosin contractile systems
(Eaton, 1976). It was shown to have a regulatory
function on the actin-activated myosin Mg-dependent
ATPase. Tropomyosin is a 70,000-dalton molecule composed
of two nonidentical Of-helical rods. Each tropomyosin
unit covers 7 G-actin beads. The molecules are bound
head to tall along side the thin filaments (Stryer,
1981). Troponin is a 70,000-dalton protein composed of a
complex of 3 subunits: TnC (Mr = 18,000) which binds to
Ca++ ions, Tnl (Mr = 24,000) which binds to actin and
inhibits its interaction with myosin and TnT (Mr =
37,000) which binds to tropomyosin. The binding of
troponin to actin and to tropomyosin imparts a Ca++
sensitivity to the ATPase function of myosin (Kretsinger
and Barry, 1975). Other macromolecules beneficial in
contraction of myofibers include; oe-actinin (Mr =
200,000) - found to exist in different muscle-specific
forms (Kobayashi et al., 1984), located within the Z line
and believed to aid in the attachment of actin
filaments to this site; jS-actinin (Mr = 60,000) - found
associated with F-actln and thought to be a length
determining factor in thin filament assembly of myosin
into thick filaments; calsequestrin (Mr = 44,000) - binds
Ca++ inside the lumen of the sarcoplasmic reticulum and
creatine phosphokinase - aids in the restoration of ATP
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during the early phase of contraction. It catalyzes the
transfer of a phosphoryl group from phosphocreatine to
ADP to form ATP (Alberts et al., 1983).
G. The Alignment of Muscle-Specific Proteins and
Skeletal Muscle Contraction
As previously mentioned, skeletal muscle fibers
contain large numbers of myofibrils, which are comprised
largely of two populations of myofilaments; thick
(myosin) and thin (actin). The relationship and
alignment of the thick and thin filaments are responsible
for the characteristic banding pattern of striated
muscle. This pattern is characterized by a succession of
dense bands [A (anisotropic) bands] and light bands [I
(isotropic) bands] (Huxley, 1969). In the A bands, the
myosin filaments lie in register in hexagonal array. The
actin filaments are aligned in register on each side of a
narrow, dense structure that traverses the I band called
the Z line. The portion of the myofibril between Z lines
is referred to as a sarcomere, the functional unit of
muscle. The thin filaments terminate at the edge of an H
zone, which is located at the center of the A band. In
the center of the H zone lies a thin, dark strip known as
the M line, which is the attachment site of myosin
filament tails.
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The mechanism for the contraction of muscle was
first described by Huxley (1957) and is known as the
’’Sliding Filament Hypothesis,” The events in this
process occur in the following manner: (1) a motor nerve
fires and liberates the neurotransmitter acetylcholine
from the axon, which diffuses through the post-synaptic
cleft to bind to receptors in the sarcolemma; (2) the
sarcolemma becomes more permeable to Na+ resulting in a
depolarization of the membrane and propagating at the
region of the triad [1 t-tubule (membrane invagination)
surrounded on each side by 1 cisterns of the sarcoplasmic
reticulum). Acetylcholine is broken down by
cholinesterase, found in the basal lamina of the synaptic
cleft; (3) the depolarization is propagated at each triad
results in the release of Ca++ from the sarcoplasmic
reticulum; (4) Ca++ binds to the TnC subunit resulting in
a conformational change in the Tnl subunit; (5)
tropomyosin is removed from the groove between myosin
heads allowing them to bend, thereby making contact with
and pulling actin; (6) movement of the myosin heads pulls
the actin past the myosin filament; (7) old actin-myosin
bridges only detach after myosin binds another molecule
of ATP and (8) when depolarization ceases, Ca++ is again
sequestered in the sarcoplasmic reticulum with the aid of
calmodulin (a Ca++-binding protein) and calsequestrin,
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and troponin undergoes a conformational change allowing
tropomyosin to move into the groove between actin and
myosin [the sarcomere relaxes]. During contraction, the I
band decreases in size as actin penetrates the A band,
the H band diminishes as thick and thin filaments overlap
and the sarcomere shortens (Bloom and Fawcett, 1986).
Given the developmental sequence of skeletal muscle
cell differentiation, e.g., alignment and fusion of
mononucleated cells to form multinucleated syncytia and
the organization and interactions of muscle-specific
proteins, this study was undertaken to assess the
inhibitory effects of
myogenic events.
normal mouse serum on these
CHAPTER III
MATERIALS AND METHODS
A, Preparation of Primary Cultures
1. Dissociation of Tissue
Fertile eggs of White Leghorn chickens were obtained
from Haley Farms, Canton, GA and incubated in a Petersime
o
rotary incubator for 11 days at 37.5 C and 60% relative
humidity. After this time, the eggs were
transilluminated (candled) to determine viable stage 36-
37 embryos (Hamburger and Hamilton, 1951). The eggs were
then dipped in 70% ethanol, flamed and opened at the air
sac end with a pair of sterile blunt-tipped forceps.
Using a pair of sterile curved forceps, the embryos were
removed from the eggs and placed into 60 mm sterile glass
culture dishes containing Tyrode's Balanced Salt Solution
supplemented with antibiotics (100 U/ml or 35 /ig/ml
penicillin and 65 ^g/ml streptomycin) and sodium
bicarbonate (Img/ml) for the dissection using sterile
microsurgical scissors. Ectodermal tissue was then
removed from the thighs using sterile needle-tipped
forceps. Limbs were placed into sterile Falcon 17 x 100
mm culture tubes containing Tyrode’s. The tubes were
capped and the tissue dissociated by vigorous agitation
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on a Vortex mixer. The resulting cell suspension was
centrifuged through a sterile single layer 20 m-mesh
Nitex filter at 500 rpm for 5 min to remove any remaining
cell aggregates or cartilage rods.
2. Cell Plating and Selective Enrichment of Chick
Myoblasts
Following centrifugation, the supernatant was
discarded and the pellet resuspended in Dulbecco's
Modification of Eagle's Medium (4.5 mg/ml glucose) (Gibco
Labs, Chagrin Falls, OH) supplemented with 10% horse
serum, 6% 10-day chick embryo extract, 3.7 mg/ml sodium
bicarbonate, 35 ^g/ml penicillin and 65 ^g/ml
streptomycin (DMEM+). To select for an enriched myoblast
population, the cell suspension was preplated on 100 mm
non-gelatin coated tissue culture dishes (Falcon Labware,
Becton-Dickinson and Co., Oxnard, CA) and incubated for
o
30 min at 37 C under a humidified atmosphere of 5% CO^
in air. The attachment of myoblasts to the culture dish
is slower than that of the accompanying nonmyogenic
cells, therefore, this method may be used to enrich
cultures for myogenic cells (modification of Richler and
Yaffe, 1970). After 30 min, the nonattached cells were
removed with a sterile Pasteur pipette and placed in a
sterile 50 ml polypropylene conical centrifuge tube
(Corning, Corning, New York) to which an appropriate
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amount of DMEM+ was added. The cell suspension was
gently vortexed and 2 - ml aliquots were added to 1%
gelatin-coated 60 mm Primaria tissue culture dishes
(Falcon Labware, Becton-Dickinson and Co., Oxnard, CA).
Overgrowth of fibroblasts can be a constant problem in
the maintenance of cultures. The use of Primaria culture
dishes (treated against fibroblast attachment) aids in
the inhibition of early fibroblast attachment and
growth. The cultures were then incubated as previously
described and allowed to attach overnight. After cell
attachment, the medium was aspirated to remove unattached
cells and fresh complete medium was added to the dishes.
In addition, 10% mouse serum or other test sera (fetal
bovine, monkey, guinea pig or rat) were added to the
experimental cultures. The medium and sera were changed
on alternate days. Cells were viewed with a Swift
inverted phase contrast microscope.
B. Preparation of Test Sera
Blood samples were obtained f
CD-I, C57 Black and BALB-C mice by
blood was allowed to clot at room
o
and stored at 4 C overnight. The s
centrifuged at 1000 rpm for 20
remaining blood cells. Finally, s
through 0.45 fim Swinnex filte
rom young adult ICR,
exsanguination, The
temperature for 2 h
erum was collected and




Corporation, Bedford, MA) and stored in sterile capped
o
culture tubes at 4 C.
C. Ammonium Sulfate Precipitation of Normal Mouse
Serum
To determine if the inhibitory factor(s) in mouse
serum was precipitable, 5 ml aliquots of normal mouse
serum were cut with 20, 30 and 40% ammonium sulfate
serum was placed in a 25 ml beaker which
was packed in ice in a 114 x 54 mm aquarium dish (Thomas
Scientific, Swedesboro, NJ). A stir bar was placed in
the beaker and the dish placed on a magnetic stirrer to
assure constant mixing as the appropriate amounts of
(NH 4)2^®4 were gradually added. Next, the serum was
placed in a 15 ml conical centrifuge tube and centrifuged
at 2500 rpm for 15 min. The pellet was resuspended in
distilled water, placed in a Spectrapore membrane (6-
8,000 M.W. cut-off, Fisher Scientific), clamped and dia-
o
lyzed against 0.9% saline while stirring at 4 C over¬
night. The supernatant was treated in the same manner
and following dialysis, both were sterilized through a
Swinnex filter (pore size 0.45 fim) (Millipore Corp.,
Bedford, MA) and tested at a concentration of 10% for
inhibitory activity.
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D. Staining for Cellular Lipid Droplets
1. Oil Rejd 0
Control and experimental chick skeletal muscle
cultures were allowed to grow for 5 days prior to
fixation for lipid staining. Confluent cultures of mouse
hepatoma and primate smooth muscle cells treated for 2
days were also fixed for lipid staining. The culture
medium was aspirated and the cells rinsed three times in
cold 0.9% saline. Each culture was allowed to fix
overnight in 2 ml of 10% formalin. The following day the
formalin was removed and each plate rinsed three times
with 60% isopropanol and stained with 2 ml Oil
Red 0 (Sigma Chemical Co.., St. Louis, MO). After 10 min
the stain was removed. the cultures rinsed three times
with 60% isopropanol and one time with tap water. Next,
the cultures were stained with hematoxylin for 2-3 min
and then washed three times with tap water. Following
this wash, 2 ml of Scott’s Solution (a bluing solution
containing 2 mg/ml sodium bicarbonate and 20 mg/ml
magnesium sulfate) were added to each dish and allowed to
remain for 3 min. Finally, the cells were washed with
tap water and mounted with glycerol gelatin (Sigma
Chemical Co., St. Louis, MO). Coverslips were applied
and the cells viewed with an Olympus microscope.
46
2. Nile Red
A 500 g/ml stock solution of Nile Red (9-
diethylanilno-5H-benzo [ ] phenoxazine-5-one) (Eastman
Kodak Co., Rochester, NY) in acetone was prepared,
stored chilled and protected from light. A fresh
staining solution of Nile Red was made by the addition of
2-10 1 of stock solution to 1 ml 75% glycerol followed
by brisk vortexing. The glycerol-dye solution was then
briefly degassed by vacuum to remove bubbles. Staining
was carried out on unfixed 5-day control and experimental
chick skeletal muscle cultures. The culture medium was
aspirated and the cells washed three times with 0.9%
saline. The dye was added directly to the culture dishes
and allowed to incubate for 5 min. Coverslips were
placed on the cultures and fluorescence microscopy
studies carried out with an Olympus fluorescence
microscope using a 450-500 nm band pass exciter filter, a
510 nm center wavelength chromatic beam splitter and a
523-nm-long pass barrier filter.
E. r 3H1-Leucine and [3H1-Thymidine Incorporation Studies
To examine the effects of mouse serum on
macromolecular synthesis (protein and DNA), chick
skeletal muscle cultures were labelled 1, 3, 5, 24, 48
and 72 h following mouse serum administration with [3H]-
leucine (sp. act. 59.2 Ci/mMol, England Nuclear, Boston,
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MA) or 24, 48 and 72 h with [3H]-thymidine (sp. act. 110
Ci/mMol, New England Nuclear, Boston, MA). To initiate
the studies, the unlabelled medium was removed by
aspiration and 2 ml of DMEM+ containing either 5 //Ci/ml
[3H]-leucine or 1 juCi/ml [ 3H]-thymidine were added to the
o
culture dishes. The cells were then incubated at 37 C
under a humidified atmosphere of 5% CO in air for 3 h.
2
Following the incubation period, the cells were
immediately washed three times with ice-cold 0.9% saline.
After the final wash, the cells were scraped from the
dishes in 1 ml of 10% trichloroacetic acid (TCA), removed
with a Pasteur pipette and placed in 15 ml conical
centrifuge tubes. The tubes were capped and refrigerated
o
at 4 C overnight. The following day, the cell
suspensions were pelleted by centrifugation at 2500 rpm
for 10 min the pellets were washed three times with cold
5% TCA and the final washed pellets solubilized in 1 ml
of 1 N NaOH. Aliquots of the solubilized cells were used
for protein determination by the method of Lowry et al.
(1951) using bovine serum albumin as a standard. Part of
the remaining material was added to 10 ml of Solvent-Free
LSC Medium (Isolab, Inc., Akron, OH), neutralized with 1
N glacial acetic acid and counted in a Beckman LS
7000 liquid scintillation spectrometer.
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F. r3Hl-2-DeoxYelucose Uptake Studies
To determine the degree of uptake of labelled 2-
deoxy-D-glucose (2-DOG) following insulin stimulation,
complete medium (DMEM+) was aspirated from 5-day chick
skeletal muscle cultures and replaced with 2 ml DMEM
minus horse serum and embryo extract. In addition, half
the control and experimental cultures were stimulated
with 0.667 U/ml insulin (Humalin R, Eli Lilly and Co.,
Indianapolis, IN) for 15 min. Following insulin
stimulation, the medium was aspirated from insulin and
non-insulin stimulated cultures and replaced with DMEM+
containing 10 /iCi/ml [3H]-2-D0G (sp. act. 28 Ci/mMol, ICN
Chemical and Radioisotope Division, Irvine, CA). The
o
cultures were labelled for 30 min and incubated at 37 C
under a humidified atmosphere of 5% CO in air.
Following the incubation period, the labelled medium was
removed, the cells washed 3 times with ice-cold 0.9%
saline and scraped from the plates in 1 ml of 1 N NaOH.
Aliquots of the solubilized cells were used for protein
determination and scintillation counting as previously
described.
G. Indirect Immunofluorescence Studies
1. Fixation of Cultures
Control and experimental chick skeletal muscle
cultures were prepared for fluorescent labelling 1, 3,
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and 5 days following mouse serum administration. The
culture medium was aspirated and the cells washed three
times with cold 0.2 M sodium phosphate buffer (pH 7.2).
After the final wash, 1.5 ml of 3% paraformaldehyde
were added and the cells allowed to fix for 15 min.
Following fixation, the cultures were washed 4 times with
cold 0.05 M cacodylate buffer (pH 7.7) and stored in 1.5
ml of storage buffer containing 6.86% sucrose, 1 mg/ml
bovine serum albumin and 0.02% sodium azide in 0.05 M
cacodylate buffer. Each dish was covered, sealed with
o
parafilm and stored at 4 C overnight.
2. Primary Antibody Reactions
The storage buffer was removed and each plate washed
2 times with cold 0.05 M cacodylate buffer. A small
amount of an ice-cold 1:1 concentration of
ethanol tacetone solution was geititly pipetted across each
plate to disrupt the cell membr anes, then qu ickly
aspirat ed. The c ultures were then washed 4 times with
cold 0 .2 M sodium phosphate bu:f f er (pH 7.2), allowing 5
min for each wash. Next, 1 ml of a 200-fold diluti on of
rabbit anti-quail-myosin (polyc!lonal antibodi es obtained
from Dr . Robert Devlin, Emory University, Atlanta , GA)
was added to each culture. Smoo th muscle cells were
used a s a positive control and were treated similar to
chick skeletal mus cle cultures . Each dish was cov ered,
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wrapped in parafilm and allowed to Incubate at 4 C
overnight.
3. Fluor Conjugate Reactions
The antibody solutions were aspirated from each
culture dish and the cells washed 4 times in cold 0.2 M
sodium phosphate buffer (pH 7.2), allowing 5 min for each
wash. Next, 1 ml of a 20-fold dilution of fluorescein
isothiocyanate (FITC) rabbit IgG (Miles Scientific,
Naperville, IL) was added to the cultures. The dishes
were then covered with aluminum foil and placed on a
shaker at room temperature for 3-4 h. Finally, each
plate was washed 4 times with cold sodium phosphate
buffer, leaving the last wash on the plate until
immediately before viewing with an Olympus fluorescence
microscope using the filter described in the Nile Red
studies.
H. Direct Immunofluorescence Studies
I. Fluorescent Phallotoxin Reaction
Control and experimental chick skeletal muscle
cultures were fixed and stored 1, 3 and 5 days after
mouse serum administration as previously described for
the indirect fluorescence studies. An aliquot of rhoda-
mlne phalloidin (100 U/ml, Molecular Probes, Junction
City, OR) was placed in a 15 ml test tube and dried
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under a slow stream of nitrogen and reconstituted, im¬
mediately before use, in 0,9% saline. Following membrane
disruption, 0.6 ml of a 75 1/ml concentration of phal-
loidin was added to each culture, as well as to smooth
muscle cultures which served as positive controls. The
culture dishes were covered with aluminum foil, placed on
a shaker at room temperature for 3-4 h, washed 1 time
with 0.2 M sodium phosphate buffer and prepared for
viewing with an Olympus fluorescence microscope using a
515-560 nm band pass exciter filter, a 580 nm center
wavelength chromatic beam splitter, and a 590-nm-long
pass barrier filter.
I, Thin Layer Chromatography
1. Lipid Extraction
Total cellular lipids were extracted from 5-day
control and experimental cultures by a modification of
the standard procedure of Folch et al. (1957). The
cultures were washed free of medium with Tyrode’s
Balanced Salt Solution and the cells scraped from the
plates in 1-2 ml Tyrode's and collected in 50 ml glass
conical centrifuge tubes. To each tube, 5 volumes of a
2:1 chloroform: methanol mixture were added. The tubes
were vortexed and the suspensions allowed to separate for
30 min. The organic phase from the Folch extraction,
containing phospholipids, neutral glycolipids, and
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neutral lipids was removed by pipetting, placed in 15 ml
glass test tubes and dried under a stream of nitrogen gas
o
in a 37 C water bath. Lipids were redissolved in hexane
o
and stored at -80 C until ready for application on thin
layer chromatographic plates,
2. Separation of Neutral Lipid Classes
Thin layer chromatography plates were obtained pre¬
coated with 0.25 mm silica gel GF on 20 x 20 cm glass
plates (Analtech, Inc., Newark, DE) . Lipid standards
(monooleln, diolein, triolein, oleic acid, cholesterol
and and cholesteryl oleate (Sigma Chemical Co., St.
Louis, MO) in a concentration of 10 mg/dl chloroform and
cellular lipid extraction samples were spotted across a
horizontal band at a distance of 2 cm from the bottom of
the plates with a Hamilton microsyringe. Chromatography
was carried out at room temperature in a tank lined with
filter paper and containing a mixture of petroleum
ether;diethyl ethertacetic acid (90:10:1, v/v) as a sol¬
vent system. The plates were then removed from the tanks
and allowed to air dry, and after drying, stained by
exposure to iodine vapor.
J. Quantitative Analysis of Triglycerides
1. Triglyceride Extraction
The zones of the control and experimental sam¬
ples corresponding to the triolein standard were marked.
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SCO red and scraped from the plates wi th a single-edge
raz or blad e onto squares of parafilm, from whic h they
wer e t rans ferred to 10 x 150 mm glass test tub es for
ana lysis. The silica gel was ground wi th a me tal spatula
and ml xed well with 3 ml of methanol. The sili ca gel
sus pens ions were placed in 10 ml polypr opylene cen trifuge
tub es and spun in a Beckman J21 ultracentrifuge a t 1500
r pm for 15 min. Supernatant s, containing th e tr iglyce-
rides, wer e removed and se t aside an d the sili ca gel
res uspe nded and centrifuged two additi onal t imes . The
resulti ng supernatants were combined with the first,
pla ced in 16 X 150 mm glass test tubes and dr ied under a
str earn of nitrogen gas in a
0
37 C wa ter bath. After
drying. the triglycerides were resolubilized in 0.4 ml
isopropanol for quantitative analysis.
2. Quantitative Determination of Triglycerides
The determination of triglycerides was carried out
using Quantitative Colorimetric Triglyceride Procedure
No. 405 (Sigma Diagnostics, Sigma Chemical Co., St.
Louis, MO). Vials containing 0.8 g activated alumina (a
triglyceride purifier) were labelled and filled with
anhydrous isopropanol, distilled water and the triglyce¬
ride samples or a triolein standard to a volume of 5.2
ml/vial. One vial containing only isopropanol and water
served as a blank. Each vial was vortexed for 5 min,
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allowed to stand until the absorbent settled and then
centrifuged at 3000 rpm for 5 min, to obtain a clear
supernatant. After centrifugation, 2 ml of the superna¬
tant were transferred to 16 x 150 mm glass test tubes to
which 0.5 ml 1 N KOH was added (saponification). The
solution was mixed by swirling and the tubes were placed
o
in a 60 4 C water bath for 5 min. After cooling the
tubes at room temperature for 2-4 min, 0.5 ml sodium m-
periodate solution was added, mixed by swirling and al¬
lowed to stand for 10 min. Next, to each tube 3 ml of a
color reagent containing ammonium acetate, anhydrous
isopropanol and acetylacetone were added. The tubes were
o
covered and placed in a 60 4 C water bath for 30 min.
The tubes were then removed from the water bath, cooled
at room temperature and the contents, a yellow end pro¬
duct, transferred to cuvettes to be read in a spectropho¬
tometer at an absorbance of 410 nm.
K. Transmission Electron Microscopy Study
Five-day control and experimental muscle cell cul¬
tures were rinsed free of medium three times with
Tyrode’s Balanced Salt Solution and fixed in 3%
glutaraldehyde solution containing 0.05 M cacodylate
buffer, pH 7.4 for 20 min. The cells were then washed
four times with cacodylate buffer and post-fixed in 1%
osmium tetroxide solution prepared in 0.05 M cacodylate.
55
pH 7.4 for 1 h. Following post-fixation, the cells were
washed for 1 h with 5 changes of cold distilled water.
Next, the cell samples were dehydrated in a graded series
of aqueous ethanol solutions to 100% ethanol for 10 min
each as follows: 30%, 50%, 70%, 80%, 90%, 100%.
Following dehydration, approximately 25 mm squares were
cut from the dishes with a single-edge razor blade and
glued to the tips of Epon 812 blocks. Thin coatings of
Epon were applied to the squares and allowed to
polymerize. Ultra-thin sections were obtained with glass
knives using an LKB 5 ultramicrotome, double-stained with
0.5% uranyl acetate and Reynold’s solution (Reynolds,
1963) containing 1.33 g lead nitrate, 1.36 g sodium
citrate and 8 ml 1 N NaOH and applied to 300-mesh copper
grids (Electron Microscopy Sciences, Ft. Washington, PA)
and viewed with an Hitachi 300 electron microscope.
L. Scanning Electron Microscopy Study of Surface
Topography of Embryonic Chick Skeletal Muscle Cells
Five-day control and experimental chick muscle cell
cultures were rinsed free of medium three times with
Puck’s saline G and fixed in 3% glutaraldehyde solution
containing Puck’s saline G and 0.5 M cacodylate buffer,
pH 7.4 for 20 min. The cells were then washed three
times in Puck’s saline G and post-fixed in 1% osmium
tetroxide solution prepared in 0.3 M cacodylate buffer.
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n. After post-fixation, the cells were
changes of cold distilled water for 1 h.
n, samples were removed from the culture
ections using a warmed cork borer; this
for the specimen holder of the critical
ratus. The samples were dehydrated in
of aqueous ethanol solutions to 100%
, each as follows: 30%, 50%, 70%, 80%,
Samples were dried in a critical point
o
42 C and a pressure of 1,300 psi using
oxide. The specimens were mounted on
sive tape, coated with gold-palladium
under an ETEX (Perkin-Elmer) Scanning
ope and photographed,
of Total Protein Synthesis and Alpha-
(AFP) Secretion by Mouse Serum - Treated
To examine the effects of mouse serum treatment on
total protein synthesis of a differentiated cell type,
mouse hepatoma cells (HEPA-2) were grown on 60 mm tissue
culture plates (Corning, Corning, NY) in 2 ml DMEM
containing 10% fetal bovine serum, 3.7 mg/ml sodium
bicarbonate, 35 ^g/ml penicillin and 65 yi^g/ml
streptomycin. The cells were treated with 10% mouse
serum for two consecutive days. Following treatment, the
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medium was aspirated from the dishes and control and
experimental cultures were labelled with 2 ml DMEM+
containing 5 /iCi/ml [3H]-leucine for 24 h. After the
labelling period, the medium from each dish was removed
and placed in 15 ml conical centrifuge tubes, capped and
placed in the refrigerator before examination of alpha-
fetoprotein secretion. The cultures were then washed 3
times with cold 0.9% saline and prepared for protein
determination and scintillation counting as previously
described for chick muscle cell cultures.
To measure secreted alpha-fetoprotein (AFP), 0.5 ml
of labelled medium, obtained from control and
experimental cultures, was placed in 10 x 75 mm
disposable culture tubes (VWR Scientific, San Francisco,
CA). To this medium, 0.2 ml of a 1:5 dilution of mouse
amniotic fluid [obtained from 11-16 - day - pregnant
females] (Rosebrock et al., 1981) and 0.5 ml of anti-AFP
(monospecific antibodies present in the laboratory) were
o
added, mixed well, incubated at 37 C for 1 h and
o
overnight at 4 C to obtain an immunoprecipitate.
Following the overnight incubation, the precipitates
were collected by centrifugation at 2500 rpm for 15 min.
The pellets were washed 3 times with 0.9% saline and cen¬
trifuged following each wash. After the last wash, the
pellets were solubilized in 0.5 ml 1 N NaOH. Aliquots of
0.1 ml were added to 10 ml of ScintiVerse (Fisher
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Scientific, Norcross, GA), neutralized with 0.1 ml IN
glacial acetic acid and counted in a Beckman LS 7000
liquid scintillation spectrometer.
N. Ion Exchange Chromatography
Two milliliters of whole normal mouse serum were
applied to a diethylaminoethyl (DEAE)-cellulose (Bio Rad
Labs, Richmond, CA) column (0.7 x 10 cm) that had been
equilibrated with 10 mM Tris-HCl buffer, pH 7.5. One mil¬
liliter fractions were collected, as well as the void
o
volume, using a Gilco fraction collector at 4 C and read
on a Perkin-Elmer Lambda 3A spectrophotometer at an
absorbance of 280 nm. Following spectrophotometric
analysis, peak fractions were pooled and lyophilized in a
Labconco Freeze Dryer 8 (Bartlett-Emery Instrument Co.,
Fort Madison, Iowa). The lyophilized fractions were re¬
constituted with 2 ml of 0.9% saline and tested for
inhibitory activity by treating chick muscle cell
cultures 24 h after plating at a concentration of 10%.
The active reconstituted fractions were then applied to a
hydroxylapatite (Bio-Gel HPT, Bio-Rad Labs, Richmond, CA)
column (0.7 x 10 cm) that had been equilibrated with 10
mM Tris-HCl buffer, pH 7.5. One milliliter fractions were
collected, read spectrophotometrically, pooled, lyophi¬
lized and reconstituted for treatment of 24 h muscle
cultures, as previously described.
CHAPTER IV
RESULTS
A. Effects of Normal Mouse Serum on Chick Skeletal
Muscle Cell Differentiation
Cultures plated from embryonic chick limb cells
(stage 36/37) were selectively enriched for myoblast
growth. The cells were grown at low density in a medium
known to support myogenesis. Twenty-four hours post¬
inoculation, mononucleated cells appeared to have
undergone division and some degree of fusion. Within
3-5 h post-administration of 10% normal mouse serum,
treated cultures began to accumulate small lipid-like
droplets which were readily evident upon examination with
the inverted phase-contrast microscope. By 24 h, the
appearance of these lipid-like droplets became more
apparent. Nonfused cells were distended, exhibiting a
kite-shaped morphology. Fused myotubes also contained
these inclusions, but not to the extent of nonfused
cells. The degree of fusion seemed reduced in comparison
to nontreated control cultures. Subsequent serum
treatments caused some detachment of cells from the dish,
while attached and fused multinucleate myofibers were
thinner than control myofibers. Ultimately, smaller
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lipid-like droplets seemed to coalesce forming fewer, but
larger lipid-like droplets. Figure 1 a-b demonstrates the
alignment and fusion of nontreated skeletal muscle cells
while Fig. 2 a-b demonstrates mouse serum-treated
cultures when the accumulation of droplets was at
its maximum. In addition to the lipid-like accumulation,
myofibers of some mouse serum-treated cultures were
observed to have a disorganized aggregation of nuclei
with no distinct cell boundary present (Fig. 3 a-b).
B. Characterization of the Cellular Lipid-like
Accumulations By Oil Red 0 and Nile Red Staining
To determine if the cellular accumulations in the
skeletal muscle cultures were actually lipid droplets,
cells that had been treated over a five-day period were
fixed and stained with Oil Red 0. Figure 4 a-b
illustrates extensive staining of isolated cells, as well
as myofibers, with Oil Red 0 indicating a stimulated
Increase in the amount of lipid. As a comparison to Oil
Red 0 observations, skeletal muscle cultures were also
stained with Nile Red, a selective fluorescent stain for
intracellular neutral lipid deposits (Fowler and
Greenspan, 1985). Unfixed cultures stained with Nile Red
for 5 min showed the appearance of yellow-gold
fluorescing lipid droplets (excitation wavelength, 450-
500 nm; emission wavelength, >528 nm) distributed
Fig. 1 Light micrographs illustrating the formation of
embryonic chick skeletal muscle fibers in culture.
Eleven-day-old embryonic chick limb cells were
plated in DMEM plus supplements and allowed to
attach overnight. After 24 h, the medium was
changed and replaced thereafter on alternate days,
(a) The alignment and fusion of chick myoblasts
(M). Note that fusion occurs end to end or end to
side (arrows) X 200; (b) multinucleated myofiber
(MF). Note peripherally arranged nuclei (arrows).
Micrographs were viewed with an Olympus microscope
using a Nomarski lens, X 200.
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Fig. 2 . Light micrographs depicting embryonic chick
skeletal muscle cells after mouse serum treatment.
Eleven-day-old embryonic chick limb cells were
cultured in complete medium (DMEM+) and allowed to
attach overnight. After 24 h, the medium was
changed and experimental cultures were, in
addition, treated with 10% mouse serum. The medium
was changed on alternate days. Cells were fixed
with 10% formalin and mounted with glycerol gelatin
before viewing. (a) Five-day control culture
illustrating multinucleated (arrows) myofibers, X
200; (b) five-day experimental culture illustrating
large accumulation of lipid (arrows) causing the
cells to take on a rounded appearance, X 200.
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Fig. 3. Nuclear disorganization in primary culture of
chick skeletal muscle cells following mouse serum
treatment. Eleven-day-old embryonic chick
skeletal muscle cells were plated in complete
medium (DMEM+) and allowed to attach overnight.
The following day, fresh medium was added and
experimental cultures were, in addition, treated
with 10% mouse serum. The medium was changed on
alternate days. Cultures were fixed in 10%
formalin and mounted with glycerol gelatin before
viewing. (a) Five-day control culture depicting
the normal peripheral arrangement of nuclei
(arrows) in a muscle fiber, X 400; (b) five-day
experimental culture containing a muscle fiber
with a random aggregation of nuclei (arrows)
completely filling the cell’s cytoplasm, X 200.
Note lipid accumulation in surrounding cells (L)
and only a slight accumulation within the large
muscle fiber
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Fig. 4. Oil Red 0 and Nile Red staining of cellular lipid
droplets in mouse serum-treated chick skeletal
muscle cells. Eleven-day-old chick limb cells
were plated in DMEM plus supplements and allowed
to attach overnight. After 24 h, the medium was
changed and experimental cultures were given, in
addition, 10% mouse serum. The medium was changed
on alternate days. Cultures were fixed overnight
with 10% formalin and the following day stained
with Oil Red 0. Nile Red studies were carried out
using living cells. (a) Five-day treated cultures
depicting Oil Red 0 staining of cellular lipids.
Notice that more lipid accumulates in nonfused
cells (white arrow) than fused myofibers (black
arrow), X 200; (b) same as in (a), X 400; (c) Nile
Red-staining treated cells specifically
demonstrating the presence of neutral lipids.




throughout the cytoplasm surrounding a dark
nonfluorescent nucleus (Fig. 4 c).
As a companion study, mouse hepatoma cells (HEPA-2)
and primate smooth muscle cells (SMC), differentiated
cell types, were mouse serum-treated for two days after
their Initial seeding, fixed and stained with Oil Red 0
(Fig. 5 a-d). These cell lines also accumulated cellular
lipid-like droplets, comparable to skeletal muscle
cultures, which were also found to be Oil Red 0
positive. Although cellular lipids accumulated in these
differentiated cells as in embryonic skeletal muscle
cells, there was no apparent effect on cell growth and
division. Both hepatoma and smooth muscle cells grew to
confluency and were capable of undergoing successful cell
passages.
C. Dose-dependence Studies and Properties of Mouse
Serum
In an effort to establish whether the inhibitory
effect, i.e., lipid accumulation and decreased fusion, of
mouse serum acted in a dose-dependent manner, skeletal
muscle cultures were treated with varying concentrations
of the test serum. Figure 6 a-f illustrates cultures
treated with serum concentrations of 4%, 6%, 8%, 10% and
20% (concentrations of less than 4% had no effect on
muscle development). At a concentration of 4%, mouse
Fig. 5 Oil Red 0 staining of mouse hepatoma (HEPA-2) and
primate smooth muscle cells (SMC) following mouse
serum administration. Secondary cultures of HEPA-
2 and SMC were grown in DMEM plus 10% fetal bovine
serum for two days. Additionally, half of the
cultures were treated with 10% mouse serum on both
days. Following treatment, cultures were washed
free of medium with 0.9% saline and fixed using
10% formalin. The next day. the cells were
stained with Oil Red 0 to examine the presence of
cellular lipid droplets. (a) Control HEPA-2
cultures containing giant cells (arrows), X 200;
(b) lipid stained mouse serum-treated culture
illustrating red granules in smaller cells as well
as giant cells (arrows), X 200; (c) Control SMC
culture, X 400; (d) lipid stained (L) mouse serum-
treated SMC culture, X 400.
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Fig. 6. Phase contrast micrographs illustrating the effect
of various doses of normal mouse serum on
embryonic chick limb myogenesis. Eleven-day-old
chick limb cells were plated in DMEM plus su pple-
ments and allowed to attach overnight. Af ter
24 h, the medium was changed and the foil owing
additions were made; (a) control containing 10%
horse serum and 6% embryo extract; (b) 4% mouse
serum; (c) 6% mouse serum; (d) 8% mouse serum; (e)
10% mouse serum; (f) 20% mouse serum. The cells
were allowed to proliferate for 5 days and the
medium was changed on alternate days. The arrows
indicate multinucleation within muscle straps.
Note the progressive accumulation of lipid
(L) with increasing concentrations of mouse
serum and decreased cell fusion in pane Is c
through f and cell processes (CP) extending from
lipid-rich areas, X 200.
 
68
serum treated cultures appeared to be much like control
cultures with large multinucleated myofibers and no
unusual accumulation of lipid droplets. After
treatments with 6 and 8% mouse serum, a progressive
increase in accumulated lipids became apparent in fused
as well as nonfused cells. The presence of some thinner
muscle straps was apparent, but, with time larger
multinucleated muscle straps were also evident. With 10%
mouse serum treatment, cultures were maximally Inhibited
with nonfused cells containing large coalescing lipid
droplets and fused myofibers having a thinner appearance
and fewer lipid droplets. Concentrations above 10%
seemed to have a cytotoxic effect on the cells. Many of
the cells detached from the surface of the culture dish
or were lysed while remaining cells were spindle-shaped
or rounded with large accumulations of lipid deposits
present. There were no fused myofibers present in these
cultures.
To determine whether the inhibitory effects seen
following mouse serum treatment were due to a complement-
mediated immunological response, the serum was heated in
o
a water bath at 70 C for 30 min. When skeletal muscle
cultures were treated at a concentration of 10% with this
serum, the inhibitory effect remained unchanged and the
response was similar to that of the serum that had not
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been heat inactivated. Similar results were obtained
with repeated freezing of the serum in liquid nitrogen
o
followed each time by thawing in a 37 C water bath. In
addition, lyophilization and extensive dialysis did not
alter the inhibitory effect on myogenesis.
Five milliliter aliquots of mouse serum were also
precipitated with 20%, 30% and 40% ammonium sulfate
[(NH^)2S0^]. Supernatants and pellets from each (NH^)2S0^
concentration were dialyzed (6-8,000 M.W. Spectropor
dialysis tubing) in the cold against 0.9 % NaCl,
sterilized through a Swinnex filter and applied to
skeletal muscle cultures. Precipitated material
from 20% (NH^)2S0^ concentrations were negative for
the inhibitory effect, while supernatants produced lipid
accumulations in the cell cultures. At a concentration
of 30% (NH^)2S0^, a slight inhibitory response was seen
in cultures treated with precipitated material, but cells
treated with the supernatant demonstrated the most
inhibitory response. Finally, when skeletal muscle
cells were treated with the precipitate formed from the
40% (NH^)2S0^ concentration, the response on myogenesis
appeared to be as inhibitory as that seen following
treatment with whole mouse serum. Supernatants from
serum precipitated with 40% (NH^)2S0^ had no effect on
myogenesis. Because (NH^)^SO^ precipitations result in
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the salting out of proteins. this may indicate that the
fact:or could be protein in nature.
D. Effects of Other Heterolo gous Sera and Various Mouse
Strains On Myogenesis
To de termine whether the inhibitory effect on
myogenesis was an exclusive property of a particular
strain of mouse or of any other animal species, chick
skeletal muscle cultures were treated with various sera
at a concentration of 10% (the concentration at which
mouse serum was found to be maximally inhibitory without
being cytotoxic). Four mouse strains were analyzed in
this study: BALB-C, C57 Black, CD-I and ICR (Table 1).
Although there were slight variations in the amount of
lipid produced with different strains of mice, cells
treated with any of these strains accumulated
significant amounts of lipid droplets and demonstrated an
inhibition of normal differentiative function, as
described in other mouse serum studies. On the contrary,
when other heterologous sera (rat, guinea pig, monkey,
fetal bovine, horse) were added to complete culture
medium, muscle cells differentiated comparable to control
cultures. None of the other sera listed demonstrated a
marked effect on myogenesis, nor did any of them produce
cellular lipid deposits which could be detected with the
inverted phase contrast microscope (Fig. 7 a-f).
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Guinea Pig Hartley -
Monkey Macaca fasiculans -
Fetal Bovine -
Horse -
+ = presence of lipid droplets
- = absence of lipid droplets
Fig. 7 Phase contrast micrographs illustrating the effect
of various sera on embryonic chick limb
my o genesis. El even-day -old chick limb cells
wer e plated in DMEM plus supplements and
all owed to a ttach overnight. After 24 h, the
med ium was chang ed and the follow! ng add itions
wer e made: (a) 10% mou se serum; (b) an addi-
tional 10% h or se serum; (c ) 10% fetal bovine
ser urn; (d) 10% monkey ser um; (e) 10% guinea
pig serum; (f) 10% rat ser urn. Th e cells were
all owed to prol iferate for 5 day s and the
medium was changed on alternate days. The
The arrows indicate multinucleation within
muscle straps. Note the presence of lipid
(L) and decreased cell fusion only in mouse
serum - treated cells in panel a, X 200.
7'>
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E. Reversibility of Mouse Serum Effects on Embryonic
Chick Skeletal Muscle Cells and Other Differentiated
Cell Types
The effects of mouse serum on myoblasts appear to be
irreversible. Forty-eight hours after the first mouse
serum administration, at the time when the culture medium
was to be changed, the medium was aspirated and complete
DMEM (with 10% horse serum and 6% embryo extract) was
added. After subsequent medium changes, skeletal muscle
cultures were examined for any alterations in the
inhibitory effects seen following the initial mouse serum
treatment. As a result of mouse serum treatment,
skeletal muscle cells began to accumulate lipid droplets
and the degree of fusion was decreased, as previously
described. Following the removal of mouse serum and
subsequent medium changes, the cells continued forming
much thinner multinucleated myofibers, as compared to
nontreated control cultures. Lipid inclusions were
present, but with time did not appear to increase in
number. Ultimately, spontaneous contractions, which mark
terminal differentiation of skeletal muscle cells, did
not occur in treated cultures following reversal, while
control cultures completed the differentiative process.
Very low density cultures exhibited no change in lipid
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content following removal of the serum, nor was there an
initiation of fusion of existing cells.
To examine the reversibility of mouse serum effects
on differentiated cells, HEPA-2 and SMC were administered
from 1 to 3 treatments of mouse serum. As mentioned
earlier, treatment had no inhibitory effect on cell
growth and division in these cell lines, but unlike the
skeletal muscle cells, reversal of previously treated
HEPA-2 and SMC led to the disappearance of accumulated
lipid droplets. Further, the number of treatments had no
effect on the reversibility of mouse serum
administration.
F. Determination of the Nature of Accumulated Lipids
and Quantitative Analysis
In light of the fact that storage lipids are
generally in the form of neutral lipids, an attempt was
made to specifically determine the nature of the lipids
accumulating in mouse serum-treated cells. Lipids
extracted from 5-day control and treated skeletal muscle
cultures, along with appropriate lipid standards were
applied to a thin layer chromatogram and developed in a
solvent system specific for neutral lipids. Figure 8
illustrates the separation of the various neutral lipid
classes. Lanes designated CT and MS, representing the
separation of neutral lipids extracted from control and
Fig. 8. Separation of neutral lipid classes by thin layer
chromatographic (TLC) analysis of mouse serum-
treated chick skeletal muscle cells. Lipid
standards [(M), Monoolein; (D), Diolein; (T),
Triolein; (0), Oleic acid; (C), Cholesterol; (CO),
Cholesteryl Oleate] and extracted lipids from
control (CT) and mouse serum-treated (MS) cultures
were applied to silica gel GF TLC plates and
placed in a solvent system of petroleum ether-
diethyl ether-acetic acid (90:10:1, v/v) for the
determination of the accumulating lipids in
experimental cultures. After drying, the plates
were stained by exposure to iodine vapor. Note
that lipids in lane MS correspond with the




mouse serum-treated cultures, respectively, demonstrate
the migration of lipids corresponding to the triolein
(triglyceride) standard in lane T. These results
corroborate the findings of Parker et al. (1980a) in
which following mouse serum treatment, chick limb cells
demonstrated an increase in the deposition of
triglycerides, the major form of stored animal lipids.
To further substantiate these findings, a
quantitative analysis was taken of the triglyceride spots
of control and treated lipid extracts. Figure 9
demonstrates the results seen following a colorimetric
analysis of triglyceride content. The Increased amount
of triglycerides produced in mouse serum-treated cultures
was almost 2 1/2 times that found in comparable control
cultures. Statistical analyses performed on these data
using Student’s t test were found to be significantly
different at the P<0.01 level.
G. Effects On r3Hl-2-DeoxYglucose Uptake Following
Insulin Stimulation
As mentioned earlier, Maeda et al. (1980) reported
the accumulation of lipid in several mammalian cell lines
following normal mouse serum treatment. These
investigators also reported the conversion of these cells
to adipocytes. A classical response of adipocytes is
increased glucose uptake following insulin stimulation.
Fig. 9. Quantitative analysis of triglyceride extraction
of 5-day chick skeletal muscle cultures following
mouse serum treatment. Eleven-day-old chick limb
cells were plated in DMEM plus supplements and
allowed to attach overnight. After cell
attachment, the medium was changed and 10% mouse
serum was added to experimental cultures.
Cultures were maintained for 5 days and medium and
serum were changed on alternate days. On day 5 of
treatment, the medium was removed, cells washed
with Tyrode’s and prepared for lipid extraction
by a modification of the procedure of Folch et al.
(1957). Cellular lipids were then prepared for
thin layer chromatographic (TLC) studies. Lipids
from control and treated cultures migrating with
trioolein standards were scraped from TLC silica
GF plates, solubilized and quantitated
colorimetrically for triglyceride content at an
absorbance of 410 nm. Data represent the mean ±
SEM of three determinations and were analyzed for
differences from the control using Student's t





Since Maeda et al. (1980) presented no experimental
evidence to support the reported adipose conversion, 5-
day control and treated cultures were stimulated with
insulin, labelled with [3H]-2-D0G and compared to non¬
insulin stimulated control and treated labelled cultures.
[2-DOG is readily taken up by the cells, but is not
degraded] . The data in Fig . 10 represent the mean
values the standard error of the mean (SEM) for
triplicate cultures. There appeared to be no significant
difference in the uptake of labelled 2-DOG in insulin
versus non-insulin stimulated chick myoblasts following
mouse serum administration. The results indicate that
the accumulation of lipid droplets and the inhibition of
differentiative processes in chick skeletal muscle cells
do not correspond to the conversion of these cells to
adipocytes.
H. Effects of Mouse Serum On Macromolecular Synthesis
By Embryonic Chick Myoblasts
To establish whether mouse serum's inhibitory effect
on myogenesis was due to a decrease in protein or DNA
synthesis, chick myoblasts were labelled with [3H]-
leucine ([3H]-leu) or [3H]-thymidine ([3H]-tdr) for
various time periods following treatment. Since chick
myoblasts began to accumulate lipid droplets within 3-5 h
post-administration of mouse serum, a pulse study was
Fig. 10. Studies on the effects of mouse serum and the
uptake of [3H]-2-deoxyglucose ([3H]-2-D0G) by
5-day chick skeletal muscle cultures following
insulin stimulation. After 5 days in culture,
complete medium was aspirated from control and
treated skeletal muscle cells and replaced with
DMEM minus horse serum and embryo extract. Half
of the control and treated cultures were also
administered 0.667 U/ml insulin for 15 min.
Following insulin stimulation, the medium was
aspirated from all cultures and replaced with
complete DMEM containing 10 /iCi/ml [3HJ-2-D0G.
After a 30 min labelling period, the cells were
washed with ice- cold 0.9% saline, solubilized in
1 N NaOH and prepared for protein determination
and scintillation counting. Data represent the
mean ± SEM of three determinations and were
analyzed for differences from the control using
Student's t test, which indicated no significant




conducted to determine if this early accumulation could
be correlated with changes in protein synthesis. Figure
11 represents the data from replicate cultures which were
treated for 1, 3 and 5 h and simultaneously labelled
with [3H]-leu along with suitable controls. The results
indicate that 1 eucine incorporation was es sent ially
linear during th e 5-h labelling period for con trol and
trea ted cells and that ther e appe ared to be no
sign ificant diffe rence in the amo unt of TCA -precipi table
[3H] -leu incorporated by treated cells when comp ared with
their paired controls.
Chick muscle cultures were also labelled in
triplicate for 3 h following 24, 48 and 72 h mouse
serum treatment. The results of this study are
illustrated in Fig. 12. Control muscle cultures showed a
gradual increase in the amount of [3H]-leu incorporated
between 24 and 72 h , while paired experimental cultures
showed only a slight increase in incorporation. When
compared with their paired controls, mouse serum-treated
cells showed a significant decrease in [3H]-leu
Incorporation by 72 h. Since the inhibitory effects on
myogenesis (e.g., lipid accumulation and decreased
fusion) were seen prior to 72 h of mouse serum
treatment, the apparent decrease in protein synthesis
seen by 72 h could not be correlated to these
Fig. 11, Pulse labelling determination of the incor¬
poration of [3H] - leucine ([3H]-leu) by chick
skeletal muscle cultures following mouse serum
treatment. Eleven-day-old chick limb cells were
plated in DMEM plus supplements and allowed to
attach overnight. After 24 h, the medium was
changed and replaced with DMEM+ containing 10%
mouse serum and 5 /iCi/ml [3H]-leu. The cultures
were simultaneously treated and labelled for 1, 3
and 5 h. Following the labelling period, the
cells were washed with ice-cold 0.9% saline,
solubilized in 1 N NaOH and prepared for protein
determination and scintillation counting. Data
represent the mean ± SEM of three determinations
and were analyzed for differences from the control





Fig . 12. Measurement of the incorporation of [3H]-leucine
([3H]-leu) by chick skeletal muscle cultures
following mouse serum treatment. Eleven-day-old
chick limb cells were plated in DMEM plus
supplements and allowed to attach overnight.
After cell a ttachmen t, the medium was changed and
10% mouse serum was added to experimental
cultures. Medium and serum were changed on
alternate days. After 24, 48 and 72 h, of
treatment, skeletal muscle cultures were labelled
with 5 //Ci/ml [3H]-leu for 3 h. Following the
labelling period, cultures were washed with ice-
cold 0.9% saline, solubilized in 1 N NaOH and
prepared for protein determination and
scintillation counting. Data represent the mean ±
SEM of three determinations and were analyzed for
differences from the control using Student's t






early mouse serum effects. Rather, differences may be
due to a change in the macromolecular programming due to
the degree of differentiation of control versus treated
cells.
To further examine mouse serum effects on
macromolecular synthesis, triplicate cultures were
labelled with [3H]-tdr for 3 h following 24, 48 and 72 h
treatment. The results of this study indicated that by
24 h following treatment, thymidine incorporation was
significantly reduced in mouse serum treated cells when
compared to paired controls (Fig. 13). This reduction
suggests that treated cells may not be dividing at the
same rate as their paired controls or that there may be a
loss of cells following the Initial mouse serum
treatment. The reduction in thymidine incorporation seen
at subsequent time periods (48 and 72 h) in both control
and experimental cultures corresponds with the removal
of myogenic cells from the proliferating pool following
earlier cell divisions.
I. Immunofluorescent Localization of Contractile
Proteins In Embryonic Chick Muscle Cells
Due to the inability of mouse serum treated cells to
undergo spontaneous contractions, control and treated
cultures were fluorescently labelled using fluorescein
Fig. 13. Measurement of the incorporation of [3H]-thymidine
([3H]-tdr) by chick skeletal muscle cultures
following mouse serum treatment. Eleven-day-old
chick limb cells were plated in DMEM plus
supplements and allowed to attach overnight.
After cell attachment, the medium was changed and
10% mouse serum was added to experimental
cultures. Medium and serum were changed on
alternate days. After 24, 48 and 72 h of
treatment, skeletal muscle cultures were labelled
with 1 ^Ci/ml [3H]-tdr for 3 h. Following the
labelling period, cultures were washed with ice-
cold 0.9% saline, solubilized in 1 N NaOH and
prepared for protein determination and
scintillation counting. Data represent the mean ±
SEM of three determinations and were analyzed for
differences from the control using Student's t













isothiocyanate (FITC)- antimyosin and rhodamine-
phalloidin to determine the amount of myosin and actin
present and to establish the degree of organization of
these myofilaments. [Phalloidin is a toxin isolated
from the poisonous mushroom Amanita phalloides which
specifically binds to polymerized actin (F-actin)] (Stry-
er, 1981). Primate smooth muscle cells (SMC) were used
as a positive control for myosin and actin. Figure 14
a-b illustrates the specific binding of FITC-antimyosin
and rhodamine-phalloidin in SMC. Chick skeletal muscle
cultures were fixed and fluorescently labelled 1, 3 and 5
days after mouse serum treatment. Figure 15 a-b shows
FITC-antimyosin bound control and treated skeletal muscle
cultures one day after mouse serum administration. There
appeared to be little difference in the amount of myosin
present in control and experimental cultures. During
this period there were few fused cells in either control
or treated cultures, many of them being mononucleated
myoblasts. The bulk of myofilament synthesis seems to
occur in multinucleated cells (Fischman, 1967; Lentz,
1969a; Shimada, 1971) although the synthesis of actin and
myosin can begin in mononucleated cells. Mouse serum
seemed to have no demonstrable effect on early myosin
synthesis. By day 3 post-treatment, control muscle
cultures showed highly fluorescent, elongated myotubes
Fig. 14. Immunofluorescence positive controls for myosin
and actin using primate smooth muscle cells (SMC),
SMC cultures were tested for specific binding to
myosin and actin using antimyosin-FITC and
rhodamine-phalloidin. Myosin studies were
performed by washing the cells free of medium and
fixing them in 3% paraformaldehyde. After
fixation, the cells were washed and placed in
o
a storage buffer at 4 C. The next day, the cells
were allowed to incubate in a 200-fold dilution
o
of quail - antimyosin overnight at 4 C.
Following primary antibody binding, a 20-fold
dilution of FITC-rabbit IgG was added and the
cultures placed on a shaker for 3-4 h. The
cells were viewed with an Olympus fluorescence
microscope. (a) SMC illustrating positive
binding with antimyosin-FITC, (N) denotes the
cell nucleus, X 400; SMC to be studied for
binding with rhodamine- phalloidin were treated
similar to cells in the myosin studies, (b) SMC
illustrating positive binding of rhodamine-
phalloidin to F-actin, X 200,
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Fig. 15. Immunofluorescence studies on the presence of
myosin in embryonic chick skeletal muscle cultures
1 day after mouse serum treatment. Eleven-day-old
chick limb cells were plated in DMEM plus
supplements and allowed to attach overnight. The
following day the medium was changed and
experimental cultures were, in addition, treated
with 10% mouse serum. One day after mouse serum
treatment, cell cultures were rinsed free of
medium and prepared for immunofluorescence
studies, as described in Fig. 14. (a) Control
culture exhibiting minimal staining for myosin and
little formation of muscle straps (arrow), X 200;
(b) experimental culture exhibiting staining
patterns similar to (a), X 200.
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(cells with multiple, centrally located nuclei and
myofibrils at the periphery of the cytoplasm). Lipid-
filled experimental cultures displayed patches or
clusters of fluorescent antibody binding to the cells.
Treated myotubes, which could be visualized at the
time of fixation with the inverted phase contrast
microscope, did not demonstrate antimyosin-specific
binding as did their compatible controls. Finally, after
5 days of mouse serum treatment, the functional
arrangement of the myosin filaments was highly
disorganized (Fig.16 a-b). Striations seen in 5 day-
control cells were not distinguishable in treated cells.
Instead, treated cells displayed myosin filaments located
randomly around the periphery of the myofiber. The
degree of fluorescent labelling would seem to indicate
that myosin synthesis is not significantly altered by
mouse serum treatment, but the more direct affect may be
the inability of the cells to properly organize and align
this protein.
Similarly, experimental chick muscle cultures which
were fluorescently labelled with rhodamine-phalliodln 1,
3 and 5 days following mouse serum treatment demonstrated
an inability of the cells to functionally organize actin
filaments. As seen with FITC-antimyosin labelling,
control cultures revealed an apparent increase in
Fig. 16. Immunofluorescence studies on the presence of
myosin in embryonic chick skeletal muscle cultures
5 days after mouse serum treatment. Eleven-day-
old chick limb cells were plated in DMEM plus
supplements and allowed to attach overnight. The
following day, the medium was changed and
experimental cultures were, in addition, given 10%
mouse serum. Five days after mouse serum
treatment, cell cultures were rinsed free of
medium and prepared for immunofluorescence studies
as described in Fig. 14. (a) Control culture
exhibiting normal banding pattern of organized
myosin filaments (arrows). (N) denotes presence
of peripherally located nuclei, X 400; (b)
experimental culture exhibiting poor organization
of myosin filaments (arrows), which appear to be
aligned mainly along the cell’s periphery.
Stained material in the center of the cell appears




rhodamine-phalloidin binding between 1 and 5 days of
culture. Control cultures labelled on day 1 displayed
moderate staining of actin filaments and cytoskeletal
actin (Fig. 17 a). As progressive cell fusion took
place, myofibers exhibited highly organized phalloldin-
bound filaments which demonstrated increased amounts of
F-actin. On the other hand, adverse effects were seen
when muscle cells were treated with mouse serum. After
24 h of treatment, muscle cells bound phalloidin
comparable to control cells (Fig. 17 b). Subsequent
staining of actin filaments 3 and 5 days after mouse
serum treatment revealed in some instances phalloidin
bound in inconsistent accumulations or clusters within
the myofibers. Cytoskeletal phalloidin binding was
demonstrated by the faint staining of the cell membrane
with little or no staining of actin myofilaments within
the cell. Cultures labelled 5 days after treatment
demonstrated a somewhat decreased amount of rhodamine-
phalloidin binding to myofilaments and myofibers appeared
much thinner than those of control cultures, displaying
an irregular myofilament pattern (Figs. 18 a-b and 19).
J. Scanning and Transmission Electron Microscopy
Studies of Chick Skeletal Muscle Cells
Five-day control and mouse serum-treated chick
skeletal muscle cultures were prepared for scanning and
Fig . 17. Immunofluoresce
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Fig. 18. Immunofluorescence studies on the presence of
actin in embryonic chick skeletal muscle cultures
5 days after mouse serum treatment. Eleven-day-
old chick limb cells were plated in DMEM plus
supplements and allowed to attach overnight. The
following day the medium was changed and
experimental cultures were, in addition, treated
with 10% mouse serum. Five days after mouse serum
treatment, cell cultures were rinsed free of
medium and prepared for immunofluorescence studies
as described in Fig. 14. (a) Control cells
exhibiting banding pattern of actin myofilaments
(arrows), X 200; (b) experimental cells
demonstrating clumping of bound phalloidin to
actin indicating poor structure and organization
of actin myofilaments (arrows). (L) indicating
areas of lipid accumulation. Overall staining of
muscle fibers appears to be decreased when
compared with (a), X 200.
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Fig. 19. Immunofluorescence studies on the presence of
actin in embryonic chick skeletal muscle cultures
5 days after mouse serum treatment. Eleven-day-
old chick limb cells were plated in DMEM plus
supplements and allowed to attach overnight. The
following day the medium was changed and
experimental cultures were rinsed free of medium
and prepared for immunofluorescence studies as
described in Fig. 14. This figure demonstrates an
experimental culture containing muscle fibers with
properly aligned actin myofilaments and many
lipid-filled muscle fibers exhibiting poorly
stained and nonaligned actin myofilaments
(arrows). Note overall staining appears to be
decreased in this treated culture; (m) represents
a nonfused myoblast and (n) denotes one of the
nuclei of a myotube.
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transmission electron microscopy. Figure 20 a-b
illustrates low magnification scanning micrographs of
control and treated monolayers, respectively. Nontreated
cultures displayed highly confluent swirls of muscle
straps, while mouse serum treated cultures showed a
decrease in the number of cells present and fewer fused
muscle straps. Many nonfused cells appeared to be
rounded and making little contact with adjacent cells.
Upon closer inspection (Fig. 21 a-b), it was apparent
that nontreated cells were continually going through the
fusion process with the formation of large,
multinucleated myofibers. Mouse serum treatment, on the
other hand, produced abnormally shaped cells whose
cytoplasms bulged with lipid droplets, which often
occluded the nucleus (Fig. 22 a-b). Cells that were able
to undergo fusion were elongated and lipid-filled with
fine, thin cytoplasmic processes streaming from them,
possibly Indicating poor cell attachment (Fig. 23 a-b).
In areas of fused myofibers, there appeared to be less
lipid in fused products than in single cells. As
previously noted in inverted phase microscopy
observations, the inhibitory effects of mouse serum
appear to greatly reduce the number of cells that remain
attached to the substratum, as well as the ability of
Scanning electron micrographs depicting 5-day
monolayer cultures of eleven-day-old chick embryo
limb cells. Non-treated skeletal muscle cells
were maintained in fresh DMEM plus supplements,
which was changed on alternate days. Experimental
skeletal muscle cells were maintained in fresh
complete medium with the addition of 10% mouse
serum. At the end of the culture period, the
cells were prepared for microscopy studies as
described in the Methods section. (a) Control
monolayer culture Illustrating a swirling pattern
of myofibers formed by the fusion of previously
nonfused single cells, X 600; (b) mouse serum-
treated culture illustrating decreased cell
fusion, shown by the absence of numerous myofibers
as seen in (a) and decreased cell number. Note
the presence of many rounded, nonfused cells
(arrows), X 1,650.
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Fig. 21. Increased magnification of scanning electron
micrographs (seen in Fig. 20) showing 5-day
monolayer cultures of eleven-day-old chick embryo
limb cells, (a) Control culture exhibits flattened
myofibers with sparsely distributed lipid droplets
(L) and rounded nonfused cells (arrows), X 1,600;
(b) mouse serum-treated culture exhibiting
numerous lipid droplets (L) surrounding the nuclei
(N) of myofibers and nonfused cells. Note that
the amount of accumulated lipid in nonfused cells
(black arrow) is greater than that found in fused
myofibers (white arrow), X 1,700.
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Fig. 22. Scanning electron micrographs illustrating the
varying degrees of lipid accumulation seen in 5-
day cultures of eleven-day-old chick limb cells,
(a) Isolated muscle cell with nucleus (N)
surrounded with globular cytoplasmic lipid
droplets (arrows), X 1,750; (b) Two cells
completely occluded by large mounds of lipid drop¬
lets (arrow), X 2,100.
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Fig. 23. Scanning electron micrographs demonstrating fusing
myoblasts of 5-day cultures derived from eleven-
day-old chick embryo limb cells. Skeletal muscle
cells were maintained in culture and prepared for
microscopy studies as described in the Methods
section. Panel (a) depicts well attached spindle-
shaped myoblasts in a nontreated culture aligned
for fusion; (EM) extracellular matrix, X 3,850;
(b) mouse serum-treated myoblasts post-fusion.
Note the rounded appearance of the cells due to
the massive accumulation of intracellular lipids
(arrows) and poor cell attachment, X 3,700.
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these cells to undergo further differentiation via
fusion.
Transmission electron micrographs revealed many
isolated mouse serum - treated myoblasts containing large
lipid-droplets within their cytoplasms (Fig. 24 a-b).
Cellular organelles appeared to be normal e.g.,
mitochondria, rough endoplasmic reticulum, but nuclei
were forced to the cell's periphery unlike the nuclei of
control myoblasts. Mitochondria are found surrounding
some lipid droplets as is normally seen in a cell’s
attempt to break down intracellular lipid. As mentioned
earlier, fewer lipid droplets accumulated in fused
myofibers than isolated nonfused myoblasts. Figure 25 a-b
demonstrates control and treated myofibers, respectively.
Fused control muscle cells appeared elongated and
somewhat vacuolarized while compatible experimental cells
appeared rounded with small lipid inclusions accumulated
in the cytoplasm. The degree of lipid accumulation is
much less than that seen in Fig. 24 b. Not only is there
less lipid accumulated in mouse serum-treated myofibers
than myoblasts, but the size of the lipid droplets is
somewhat smaller. In addition, following treatment,
cells making up the myofiber appeared to be poorly
associated with one another or not as tightly coupled as
those of control myofibers (Fig. 26 a-b). Small vacuoles
Fig. 24. Transmission electron micrographs depicting
eleven-day-old chick limb myoblasts prior to
fusion. Skeletal muscle cells were grown in DMEM
plus supplements for 8 days. Fresh complete
medium was added to control cultures 24 h after
cell attachment while complete medium containing
10% mouse serum was added to experimental
cultures. The medium was then changed on
alternate days. At the end of the culture period,
the cells were rinsed free of medium with TBSS,
fixed, stained and embedded for electron
microscopy studies as described in the Methods
section. Panel (a) illustrates a control cell
with numerous vacuoles (V), X 13,500; (b) mouse
serum-treated cell containing abundant lipid drop¬
lets (L) , X 27,500.
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Fig. 25. Transmission electron micrographs illustrating
chick limb myofibers derived from cells of eleven-
day-old embryos. Cell cultures were maintained
for 8 days prior to preparation for electron
microscopy studies as described in the Methods
section. (a) Control cells containing vacuoles
(arrows) and numerous mitochondria (M), X 14,350;
(b) mouse serum-treated cells which appear
rounded, unlike the flattened cells in (a). Note
the accumulation of numerous lipid droplets (L)
and small mitochondria (M), X 14,000.
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Fig. 26. Transmission electron micrographs demonstrating
eleven-day-old chick limb myoblasts during the
process of fusion. Eight-day cultures were
prepared for electron microscopy studies as
previously described in the Methods section, (a)
Control raononucleated myoblasts as they align to
form multinucleated myotubes, X 16,500; (b)
mouse serum-treated myoblasts aligning and
undergoing some degree of fusion. Note the
accumulation of lipid droplets (L) not present in




throughout the cytoplasm were also evident in treated
cells.
K. Total Protein Synthesis and Alpha-fetoprotein (AFP)
Secretion of Mouse Hepatoma (HEPA-2) Cells Following
Mouse Serum Treatment
To establish whether mouse serum’s effect on
macromolecular synthesis (specifically total protein
synthesis) in embryonic cells could also be mimicked in a
differentiated cell type, confluent HEPA-2 cell cultures
were treated with mouse serum and labelled for 24 h with
[3H]-leu. The results of this study are illustrated in
Fig. 27. Statistical analyses of the mean values of
quadruplicate cultures using Student's t test indicate
no significant difference in the amount of labelled
leucine incorporated by control versus treated cells.
Alpha-fetoprotein (AFP) is a fetal-specific serum
protein which is synthesized and secreted by developing
liver and yolk sac endoderm (Pericelli and Gitlin,
1970 and Skelly and Sell, 1976) Its synthesis and
secretion is not characteristic of normal adult liver
(Gitlin, 1975) and in many cases of heptocellular
carcinoma , the serum levels of AFP approached
those seen in fetal serum. Analysis of AFP
secretion revealed results similar to those found in
HEPA-2 total protein analyses (Fig. 28). Statistical
Fig. 27. Measurement of the incorporation of [3H]-leucine
([3H]-leu) into total protein by mouse hepatoma
cells (HEPA-2) following mouse serum
administration. HEPA-2 cells were cultured in
DMEM plus 10% fetal bovine serum. Half of the
cultures were also given 10% mouse serum for two
consecutive days. Following treatment, the medium
was removed and complete medium containing 5
/iCi/ml [3H]-leu was applied to control and
experimental cultures. After 24 h, the labelled
medium was removed and refrigerated for alpha-
fetoprotein (AFP) studies. Cultures were then
washed with ice-cold 0.9% saline, solubilized in 1
N NaOH and prepared for protein determination and
scintillation counting. Data represent the mean ±
SEM of three determinations and were analyzed for
differences from the control using Student's t








Measurement of the incorporation of [3H]-leucine
([3H]-leu) into alpha-fetoprotein (AFP) by mouse
hepatoma cells (HEPA-2). Aliquots of labelled
medium from HEPA-2 total protein studies were
combined with a 1:5 dilution of mouse araniotic
fluid and anti-AFP. The components were mixed
well and allowed to incubate to obtain an
o o
immunoprecipitate (37 C for 1 h and 4 C
overnight). Pellets were collected by
centrifugation and washed 3 times with 0.9 %
saline. Following the final wash, the pellets
were solubilized with 1 N NaOH and prepared for
scintillation counting. Data represent the mean ±
SEM of three determinations and were analyzed for
differences from control using Student's t test,





measurements demonstrated no significant difference in
the amount of labelled AFP secreted by control versus
mouse serum-treated HEPA-2 cells. Mouse serum treatment
has no apparent effect on cell growth (data not shown).
Treated cells continue to grow and divide to confluency.
The synthesis and secretion of proteins in these cells
were apparently also unaffected. These findings suggest
that differentiated cells are capable of maintaining
differentiated functions, even though they, too,
accumulate large amounts of neutral lipids like
undifferentiated embryonic cells.
L. Partial Separation of Mouse Serum Inhibitory
Factor(s) By Ion Exchange Chromatography
Because previous experiments suggested that some
macromolecular component(s) of normal mouse serum
were capable of inhibiting certain cellular
functions, e.g., protein and DNA synthesis, an attempt
was made at separating these components from whole
serum. Whole mouse serum was first applied to a DEAE-
cellulose column (Fig. 29). The inhibitory activity was
eluted using 10 mM Tris-HCl, pH 7.5 and recovered between
fractions 2 and 22 (recovery time = 55 min). At an
absorbance of 280 nm, the elution profile exhibited one
large peak of absorbance at 280 nm, containing three
smaller indistinct peaks between fractions 2-5, 6-8
Fig. 29. Partial separation of mouse serum inhibitor by
DEAE-cellulose column chromatography. Whole mouse
serum was applied to a DEAE-cellulose column and
eluted using 10 mM Tris-HCl buffer, pH 7.5. One
o
milliliter fractions were collected at 4 C and
read spectrophotometrically at an absorbance of
280 nm. Following spectrophotometric analysis,
peak fractions were pooled and lyophilized,
reconstituted with 10 mM Tris-HCl and tested for
inhibitory activity on 24 h chick skeletal muscle
cultures. Inhibitory activity was recovered




and 9 - 22. Pooled fractions from these peaks were
lyophilized, reconstituted in lOmM Tris-HCl and tested
for inhibitory activity by applying an aliquot of
the resolubilized material to chick skeletal muscle
cultures at a concentration of 10%. The inhibitory
activity was determined by the accumulation of lipid
droplets within the cells. The fractions did not appear
to act as inhibitory as whole mouse serum on myogenesis.
Next, each of the active peak fractions from the DEAE-
cellulose column was applied to HPT column
chromatography. The fractions were eluted as previously
described and the following elution profiles resulted
(Fig. 30 a-c). Elution profile (a) demonstrated recovery
of the inhibitory activity between fractions 5 - 19
(recovery time = 52.5 min). Elution profile (b)
demonstrated recovery of the inhibitory activity between
fractions 5 - 14 (recovery time = 35 min). Elution
profile (c) demonstrated recovery of the inhibitory
activity between fractions 4-9 (recovery time = 21 min).
These elution patterns were also obtained at an
absorbance of 280 nra. As mentioned earlier for DEAE-
cellulose studies the peak fractions were lyophilized,
reconstituted with 10 mM Tris-HCl and aliquots tested for
inhibitory activity by application to chick skeletal
muscle cultures at a concentration of 10%. Examination
Fig. 30. Partial separation of mouse serum inhibitor by HPT
column chromatography. Inhibitory peak fractions
collected from the DEAE-cellulose study were
eluted through three HPT columns using 10 mM Tris-
HCl buffer, pH 7,5. One milliliter fractions were
o
collected at 4 C and read spectrophotometrically
at an absorbance of 280 nra. Following
spectrophotoraetric analysis, peak fractions were
pooled and lyophilized, reconstituted with 10 mM
Tris-HCl and tested for inhibitory activity on 24
h chick skeletal muscle cultures. (a) Inhibitory
activity was recovered between fractions 5-19; (b)
inhibitory activity was recovered between
fractions 5-14; (c) inhibitory activity was
recovered between fractions 4-9.
FRACTION NUMBER
no
of muscle cultures following treatment showed a slight
accumulation of lipid droplets from all peak fractions.
When peak fractions were combined (e.g., peak 1 with peak
2 or peak 3), the factor's activity (i.e., lipid
accumulation) appeared to be slightly more inhibitory
than that seen when individual peak fractions were
tested, but not as inhibitory as whole mouse serum.
Also, peak fractions from the HPT studies did not appear
to be as inhibitory as those eluted from the DEAE-
cellulose column. The decrease in inhibitory activity,
seen following elution through various columns, may
indicate the retention of an additional factor or ionic
component which is necessary to bring about the
inhibitory activity seen following treatment with whole
mouse serum. The decrease in activity might also suggest
a decrease in the concentration of the factor (s).
CHAPTER V
DISCUSSION
In this study it has been shown that normal mouse
serum has a significant inhibitory effect on the myogenic
potential of stage 36/37 chick limb skeletal muscle cells
which are otherwise capable of myogenesis. Initial
observations revealed the accumulation of lipid droplets
within the first 3-5 h following mouse serum
administration at a concentration of 10%. These Oil Red
0 and Nile Red positive lipid droplets increased in
number and size by 24 h post-treatraent, and with time
and subsequent treatments, appeared to coalesce. More
lipid accumulated in nonfused myoblasts than fused
myotubes. Konigsberg et al. (1978) have shown that
myoblasts retain the ability either to proliferate or to
fuse following mitosis and that all cells in a population
of myoblasts have the same chance of following either
pathway. It may be conceivable then that these
noncommitted cells, those that choose to continue
dividing or those that remain nonfused, are more
susceptible to the detrimental effects of the mouse serum
factor(s) as opposed to the more differentiated, fused
myotubes. An increase in the number of nonfused
111
112
myoblasts was also evident in treated versus control
cultures, as well as the overall presence of smaller
(thinner) myotubes, possibly indicating a reduction in
fusion.
Administering increasing concentrations of mouse
serum to skeletal muscle cultures demonstrated that the
inhibitory factor(s) acts in a specific dose-dependent
manner. Cells grown continuously in the presence of
various concentrations of mouse serum clearly showed a
variation in the amount of accumulated lipids. Mouse
serum effects first became evident after administering a
concentration of 6%. The response to treatment (i.e.,
lipid accumulation) was enhanced when using a
concentration of 8%, and 10% was found to be totally
effective in inhibiting rayogenesis. The use of
concentrations above 10% proved to be cytotoxic as
demonstrated by cell lysis and a lack of fusion of cells
remaining attached to the culture dish. Mouse serum's
dose-dependent effects seem to demonstrate the
specificity of the factor(s). In addition, the
factor(s) was found to be heat stable, indicating that it
is probably not a component of complement, capable of
withstanding repeated freezing and thawing and is
nondialyzable. These findings corroborate those seen in
the chondrogenic studies of Parker et al. (1980a). The
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serum factor(s) was also precipitable with 40% (NH ) SO ,
indicating that it may be protein in nature. Cells
treated with sera from various strains of mice showed no
significant difference in the amount of lipid accumulated
or inhibition of differentiative function. Other
findings suggested that mouse serum’s inhibitory effect
on myogenesis is species-specific. Among the various
sera tested (rat, guinea pig, monkey, fetal bovine and an
additional 10% horse serum) none displayed a detectable
effect at a concentration of 10% when compared with
non-mouse serum treated controls. These studies further
suggest the specific nature of the mouse serum factor(s).
While observing the intracellular accumulation
of lipids in mouse serum-treated muscle cultures, one may
ask the question: Are the cells obtaining lipid from an
exogenous source (i.e., from the culture medium) or are
they synthesizing the lipids de novo? Studies on adipose
conversion in various 3T3 cell lines following treatment
with calf serum demonstrated that serum delipidation did
not affect lipogenic activity in these cells (Wise and
Green, 1978) . As mentioned earlier , Parker et al.
(1980a) showed that chick limb-bud mesodermal cells
tested with the lipoprotein fraction of delipidated mouse
serum did not accumulate lipids, but the lipogenic
activity remained in the infranatant. In light of the
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research done by these investigators, it was concluded
that the lipogenic response seen in chick skeletal muscle
cells following mouse serum administration was probably
due to the presence of a non-lipid factor and lipid
accumulation was a result of de novo synthesis.
Examination of the reversibility of mouse serum's
inl^lbitory effects on embryonic chick skeletal muscle
cells versus HEPA-2 and SMC demonstrated differences in
the changes seen following the discontinuance of
treatment. When chick muscle cells were exposed to one
or more treatments of normal mouse serum and then
reversed (i.e,, allowed to continue growth in the absence
of mouse serum), some alterations in differentiative
function persisted. The extent of cell fusion was
lessened as noted by the presence of thinner muscle
straps. The amount of lipid present did not increase,
although there did not appear to be any degradation of
existing lipid droplets. Ultimately, spontaneous
contractions did not occur in these reversed cultures.
Chick cell cultures which were seeded at lower cell
densities and subsequently reversed never initiated
fusion and remained as isolated lipid-filled myoblasts.
HEPA-2 and SMC cultures, on the other hand, responded in
a dissimilar manner. As previously mentioned,
administering normal mouse serum to HEPA-2 and SMC
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cultures caused the accumulation of large amounts of
lipid droplets in the cell’s cytoplasm. In HEPA-2 cells,
these droplets did not appear to coalesce, as those seen
in chick skeletal muscle and SMC cultures. But although
lipid accumulation persisted with treatment, cell
proliferation and growth were not affected. HEPA-2 and
SMC cultures grew to confluency. In fact, SMC and HEPA-2
cells could effectively be subcultured while still
exposed to the influence of the mouse serum factor(s).
In addition, following repeated treatments of normal
mouse serum, lipid accumulation was readily reversed in
these cultures. The differences seen in the
reversibility of chick limb cell cultures versus HEPA-2
and SMC cell cultures, following mouse serum treatment,
may be explained by the differences in the extent of
development of these cell types. Early in embryonic
development myoblasts become committed to forming
myotubes and synthesizing the gamut of luxury molecules
specific to muscle tissue (i.e., actin, myosin,
tropomyosin and troponin), but these cells become
determined before they become overtly differentiated.
This undifferentiated state could be the cause of the
chick cell’s irreversible alteration or modulation of
differentiative character. On the other hand, the SMC
and HEPA-2 cells’ ability to efficiently reverse mouse
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serum’s effect, i.e., lipid accumulations, and maintain
normal proliferative activity may be explained by their
state of terminal differentiation. Although the
mechanism causing the aggregation of lipid droplets in
the skeletal muscle, SMC and HEPA-2 cells can only be
speculated upon, the inability or ability of these cells
to effectively reverse this alteration may reflect their
respective differentiated states.
Oil Red 0 studies identifying the intracellular
accumulation in the chick cells as lipid droplets, led to
the determination of the specific class of these
droplets. Thin layer chromatographic analysis indicated
that there was a significant increase in the triglyceride
content of treated cells, which was further verified by
quantitative analysis demonstrating approximately a
2 1/2- fold increase in triglycerides in treated versus
nontreated cultures. The increased deposition of this
type of lipid in the mouse serum-treated cells is not
surprising, since the major storage form of lipids found
in animal cells is triglyceride. It may be speculated
that the increase in intracellular lipids represents some
imbalance in their utilization or mobilization. Treated
cells may be incapable of metabolizing normal levels of
lipid or they may be stimulated to synthesize abnormal
quantities of lipid. It is not believed that the source
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of the accumulated lipids is derived from the serum, but
rather is synthesized de novo, since studies described by
Parker et al. (1980a) using delipidated serum
demonstrate its effect to be as inhibitory as whole mouse
serum.
As previously mentioned in the Introduction, several
publications (Parker et al., 1980a, Parker et al., 1981a
and 1981b and Maeda et al., 1980) have described mouse
serum's effect on various cell types, specifically the
lack of differentiative function and the accumulation of
lipid. In addition, Maeda et al. (1980) indicated
several mammalian cell lines underwent an adipose
conversion following mouse serum treatment. This was
based solely on their accumulation of intracellular
lipids. Because these studies were not based on any
experimental evidence to support the proposed adipose
conversion, chick muscle cells were stimulated with
insulin and labelled with [3H]-2-deoxyglucose (2-DOG)
following mouse serum treatment. An important function
of insulin is that it promotes the entry of glucose into
fat cells. If the muscle cells were being converted into
adipocytes, the incorporation of labelled 2-DOG into
insulin-stimulated mouse serum - treated cells should
have been significantly higher than that of insulin-
stimulated control cells. In fact, these studies
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concluded that there was no difference in the uptake of
2-DOG in control or treated hormone stimulated chick
muscle cells. The accumulation of intracellular lipids
and the inhibition of differentiation is suspected to be
a modulation in the developmental pathway of these cells.
If it were possible to maintain these cultures
indefinitely, a better assessment of adipose conversion
could be considered.
Labelling studies of macromolecular synthesis
employing [3H] - leu demonstrated that the factor's
inhibitory effect on myogenesis was not representative of
an overall cytotoxic response. In light of the fact that
lipid accumulation and decreased fusion were seen early
following mouse serum treatment (within 24 h), the
decrease in protein synthesis seen by 72 h is thought to
be unrelated to these changes. Rather, the decrease in
protein synthesis may represent a reduction in the amount
of contractile proteins being produced, as suggested by
immunofluorescence studies using rhodamine-phalloidin.
Similar studies utilizing [3H]-tdr showed a reduction
in incorporation in mouse serum - treated cells prior to
fusion. The reduction seen is believed to represent an
alteration of normal cell division. Typically, after a
period of proliferation, raononucleated myoblasts fuse
with each other forming multinucleated myotubes, which
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no longer divide. Myotube formation occurs in the G1
phase of the cell cycle just prior to entry into the DNA
synthetic (S) phase. Consequently, DNA synthesis ceases
as myotube formation begins. The lack of a significant
difference in incorporation between control and treated
cultures after 24 h, may be reflected by the elimination
of control cells from the proliferating pool while
treated cells remain altered by the serum inhibitor.
The use of fluorescently-labelled antibodies to
myosin and fluorescently-labelled phalloidin to actin
explained the lack of contractility of mouse serum
treated myofibers. Chick muscle cultures labelled with
either FITC-antimyosin or rhodamine-phalloidin 5 days
after mouse serum treatment displayed decreased
fluorescence and an inability to functionally organize
myofilaments. Ultrastructural observations of surface
topography further illustrated the alterations of
muscle cells following mouse serum treatment. The
appearance of larger accumulations of lipid droplets in
fused myotubes versus isolated myoblasts was very
apparent, as well as an overall decrease in the number of
attached and fused cells. Lipid droplets in isolated
cells appeared to be larger than those found in fused
cells, possibly due to the coalescing of droplets. The
shape of lipid-filled cells was greatly distorted and
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cell attachment was poor. Transmission electron
micrographs revealed similar findings including a
decrease in the cell to cell association between
myoblasts, giving rise to thinner and fewer myotubes.
Mouse serum's ability to modulate the developmental
pathway of differentiated cells was tested by examining
total protein synthesis of mouse HEPA-2 cells, as well as
the synthesis of AFP, a luxury protein. The inhibitory
effects on macromolecular synthesis seen in embryonic
chick cells were not apparent in the HEPA-2 cells. There
was no difference in the amount of [3H]-leu incorporated
into newly synthesized protein in control and treated
cells, nor was the synthesis of AFP affected. The
differentiated state of the HEPA-2 cells may have allowed
them to maintain their specialized character and
effectively combat the effects of the serum inhibitor.
Ion exchange chromatographic analyses resulted in
only partial separation of the mouse serum factor.
Eluted components of peaks collected from DEAE and HPT
columns were less inhibitory on embryonic chick muscle
cultures than whole serum. These findings may indicate a
decrease in the concentrations of the serum inhibitor
thereby rendering it less effective in altering cellular
development. Another possible suggestion could be the
existence of cofactors, which become separated during the
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purification process. The complete inhibitory effect may
be dependent on these factors working in tandem. In
addition, the decrease in the serum’s inhibitory activity
may result from the retention of the component on the
column's matrix. Further studies should entail the use
of various anionic or cationic resins and varying the
type of buffers employed to enhance separation of the
factor from other serum components, while retaining full
inhibitory function.
The scope of this research seemed to suggest that
following mouse serum treatment, the developmental fate
of embryonic chick skeletal muscle cells was altered.
This modification resulted in an increased synthesis of
neutral lipids, a reduction in the fusion of
mononucleated cells into raultinucleated fibers, a
decrease in macromolecular synthesis and the failure of
fused myofibers to terminally differentiate. Since
modulation is described as a reversible change in
character often experienced by cells when exposed to
variations in their culture medium, failure of these
undifferentiated cells to completely revert back to their
determined phenotypic distinction must not be defined in
this manner. Changes appeared to be irreversible, as
shown by the inability of the cells to undergo
spontaneous contractions when the mouse serum inhibitor
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was removed. Differentiated cells such as HEPA-2 and
SMC, on the other hand, were only slightly modulated, in
that the only change observed after mouse serum treatment
was the accumulation of triglycerides. Morphological and
macromolecular programming appeared unaffected. Removal
of the serum from the medium resulted in degradation of
the excess lipid. One might ask if it is possible to
promote the conversion of differentiated cells to an
adipogenic cell type following prolonged exposure to
mouse serum. According to the definition of
differentiation by Cahn and Cahn (1966) as cited in the
Introduction, one postulates that conversion would not
occur. In contrast, embryonic precursor cells, such as
those used in this study, although determined may not
have the capacity to fully retain their epiphenotype
during prolonged exposure to the serum. It might then be
surmised that the stabilizing force in the maintenance of
a cell's phenotypic expression is its differentiation and
a clearer insight into normal differentiative function
may lead to a better understanding of cellular
development in diseased states.
CHAPTER VI
CONCLUSIONS
Based on the observations reported in this study, it
may be concluded that:
1. The addition of normal mouse serum to cultured chick
limb myoblasts readily causes the accumulation of
neutral lipids within 24 h of treatment. These
Oil Red 0 - positive lipid droplets appear to
coalesce, thereby increasing in size with time.
2. The factor(s) responsible for this lipid
accumulation appears to act in a dose-dependent
manner .
3. The addition of sera from other species to chick
limb myoblasts at a concentration of 10%, has no
detectable inhibitory effect on the differentiation
of these cells.
4. Mouse serum added to myogenic cells after the
initiation of fusion leads to smaller (thinner)
myotubes - possibly due to the inhibition of




6. Less lipid appears in fused myotubes than in
presumptive myoblasts, possibly due to the degree
of differentiation.
7. While treated myogenic cells accumulate large
amounts of lipid droplets, they do not appear to
undergo transformation into fat cells.
8. While total protein synthesis is not significantly
altered during the first 48 h of treatment,
reduced synthesis seen by 72 h suggests that
alterations seen initially, e.g., lipid
accumulation, decreased fusion and lack of
spontaneous contractions, are not due to the
inhibition of overall synthesis.
9. Following mouse serum treatment, DNA synthesis was
significantly reduced by 24 h, prior to removal of
myoblasts from the proliferating pool due to
fusion.10.Studies have shown that following mouse serum
administration, differentiated cells (HEPA-2) do not
show a decrease in overall protein synthesis, nor do
they exhibit a significant decrease in the synthesis
of secretory proteins as demonstrated by immunopre-
cipitation of labelled alpha - fetoprotein (AFP).
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11. The effects of mouse serum on embryonic chick limb
cells appear to be irreversible, while
differentiated cell types (e.g., HEPA-2 and SMC)
resume their normal state of development following
removal of the factor(s) from the culture medium.
o
12. The factor is heat stable (70 C for 30 min), able to
withstand repeated freezing and thawing (liquid
o
nitrogen - 37 C water bath), is lyophilizable and
is precipitable with 40% ammonium sulfate.
13. Ultrastructural observations illustrate globular
structures within the cytoplasm representing lipid
accumulations which give the cells a rounded or
kite-shaped appearance, often totally occluding the
nucleus. In treated cultures, fused myotubes are
thinner and lipid droplets appear to be fewer than
those found in isolated myoblasts.
14. Immunofluorescence studies employing antibodies
directed against actin and myosin exhibited de¬
creased fluorescence of treated myotubes and banding
patterns not representative of differentiated con¬
trol cells. This irregularity may explain the ina¬
bility of mouse serum-treated fused myofibers to
initiate spontaneous contractions.
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15. Further studies involving ion exchange chromato¬
graphy and gel filtration chromatography should be
employed in an effort to purify and identify the
serum inhibitor(s).
16. Embryonic chick skeletal muscle cells, although
determined, do not have the capacity to retain their
distinctive character after exposure to normal mouse
serum due to their undifferentiated state. It would
seem that differentiation is essential for the main¬
tenance of the epiphenotype of cells.
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